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The Great Lakes Sympos ium, aa introduc tory por t ion of the 10th Annual
Conference of the National Marine Educators Assoc iation  HHEA!, was conceived
as a means of drawing together for a single purpose a group of experts in areas
that charac ter ise the importance of the Great, Lakes. Thus the sc ientis ts,
historians, resource managers, policy analysts and policy makers represented by
this g roup re flee t the ac ientif ic, historical, environmental aad political
value of the North Coast to the United States and the world.

The purpose of the Symposium and this Proceedings volume is to present a
body of basic information about the Great Lakes that is up to date, based on
sound research, and interpreted by experts in the sub jec ts involved ~ Such
information is frequently difficult to locate, especially all in oae reference,
and equally difficult to decipher and evaluate. Educators and media cormmnica-
tors may avoid Great Lakes topics because of the elusive or esoteric nature of
the information, or they may face a volume of library research that makes their
handling of the topics subject to the limits of their research time.

We b e lieve that informat ion in hand, espec is 1 ly if we 1 1 presented and
app lied to real needs, has a s t rong potent ia1 for use in c ommunic at ion and
education. The presenters we have chosen were selected not only for their
subject matter expertise but for their ability to communicate to the public as
well. With the vitality and interest apparent in this work, they have provided
a substantial information base about where the Great Lakes have been and what
their future may b e. This vo lume is a beg inning s e t o f aaswers for what we
hope will be a growing interest among educators and communicators to learn and
tell more about the Great Lakes.

There is a great deal more to tell. The story of the importance of the
Great Lakes does not end at the back cover of the Proceedings or the close of
the S ~ . It is a personal story, not only for those who share in the
immediate grandeur of the lakes, but for every world citizen who shares the
freshwater birthright. As stewards of the world of water, we can do no less
than stand in awe of the resource portrayed here and pledge ourselves to its
wise management in decades to come.

Rosaane W. Fortner,
Ed itor
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THESE ABE THE SMKEM1TEB SEAS

Lee Botts

Center for Urban Af fairs and Policy Research
Northwestern University

When Jacques Cousteau calls the Great Lakes the cradle of the ocean, he
acknowledges that the Great Lakes are the largest freshwater system on the
g lobe. Each of the f ive separate but c onnec ted ind ividual lakes is so Large
that they are known as inland seas . Like the oc cans, the Great Lakes ar e an
in t e mat iona 1 res ourc e, d ivid ing Canada and the United States as political
jurisdictions but uniting them in joint resource management.

One-fifth the population of the United States and three-fifths of Canada s
live in the Great Lakes region. The lakes supply drinking water to about 25
million people, as well as water for power production, recreation and manu-
facturing in eight states and two provinces. They are the reason North America
is the only continent with ocean ports a thousand miles inland.

The Lakes opened the interior of the continent to Europeans for trade and
later for permanent settlement. As both countries developed, lumber, sandstone
and steel from Great Lakes shores helped build cities and f ish from the lakes
helped feed them. The lakes are also the reason the Great Lakes reg ion has so
many great c it ies of its own and such a large part of the industrial capac ity
and agricultural production of North America. And they are beautiful, with a
majesty no body of water achieves when you can see to the other side.

Collec tively the Great Lakes contain one-f ifth of the world supply of
fresh surface wate~, so much that the quantity is usually expressed in cubic
miles� . Lake Nic h igan alone hold s ove r l, 100 cub ic miles �, 900 cub ic k i lo-
meters! of water. It would require a square tank that covers the United States
from the Mississippi River to the east coast and reaches the same distance into
the stratosphere to hold the water from just this one Great Lake.

All the Great Lakes are huge storage reservoirs of fresh water, with
narrow connecting channels and only a small outlet to the ocean. Each year
only abou t l pere en t of the water in the lakes f Lows out the St. Lawrence to
the Atlantic. Appreciation of the Great Lakes requires understanding of how
the size and the closed nature of the system have made these sweetwater seas
espec ially vulnerable to environmental damage and how the damage has occurred.

Ln add i t ion to contributing to national wealth, the Great Lakes have
provided an early warning system for g lobal environmentaL prob lems and an
unmatched example of success in resource management across an international
border. The lessons cover eutrophication, atmospheric transport of pollutants
and bioaccumulation of toxic chemicals in the food chain. Today the binational
community committed to protection of the lakes is working to apply the concept
of an ecosystem approach to management.

An Ecosystem Approach to Management

The c Lassie definition of an ecosystem is a complex of physical resources
and the living organisrrrs that depend on them. Ecosystem stability depends on



evolution of a balance between physical resources and the biological. community.
The community maintains itself by adapting to the constraints and opportunities
provided by avai lab le space, energy and food. The ecosystem approach assumes
that man is part of and must adapt to the limits of the ecosystem in which he
lives.

In the pas t 200 years human ac t ivit ies have c aused fundamental change in
the Great Lakes ecosystem that evolved during the 10,000 years after glaciers
lef t the lakes behind. The forces that shaped the Great Lakes region began
cons before the glaciers arrived.

How the Lakes Were Formed

In the Precambrian era about 4 billion years ago, geologic farces laid
down the bedrock of the Great Lakes watershed in three distinct regions. To
the north is the Canadian, or Laurentian, shield, where mostly thin soils lay
over granite. Evergreen and conifer forests dominate the Upper Great I akes
region around Lake Superior, Huron and northern Lake Michigan.

In the central lowlands to the south, thick, fertile soils are layered
over limes tone in the lower Great Lakes region around Ontario, Erie and
southern Lake Mic hig an. The lowland s have b road f lood p lains. The or ig inal
hardwood forests dominated by oak, maple and beech mixed with white pine have
general ly been r ep lac ed 1 y ag r ic u 1 tu r e, indus t ry and u rb an d e ve lopment ~ The
third region is the wide flat valley of the St. Lawrence River that is the
outlet of the Great Lakes to the Atlantic.

At leas t four times g lac iers advanced south over North America and
retreated, the last one only about 10,000 years ago. Each time melting filled
deep basins gouged out by the glaciers. The Great Lakes watershed was finally
formed as we know it today only about 2,000 years ago. In some places the land
is still rebounding from the weight of ice.

The reg ion has thousands of smaller lakes in addition to the Great Lakes .
Although about two-thirds of the original wetlands have been drained or f illed,
many swamps, bogs and fens still characterize the water-rich land ~ One of the
influences on the Great Lakes is that they are fed by hundreds of small tr ibu-
taries that flow through many different kinds of soils and land uses. The
lakes are so large that they modify the climates

The Great Lakes Hyd ro log ic Sys tern

The mos t d is tine t ive feature of the Great Lakes watershed is the high
proportion of water-covered areas to land ~ The Great Lakes watershed contains
about 295,000 square miles �64,051 sq km!, with about one-third or 95,000
square miles �46,000 sq km! covered by the Great Lakes themselves.

The long shoreline of the Great Lakes enhances the inf luence of land over
the lakes ~ The 9,400 miles �5,150 km! of shore line is longer than the United
States coastline on the Atlantic and the Gulf of Mexico combined.

The lakes store heat as well as water. Both moisture in the air above the

lakes and the heat they exchange with the atmosphere affect the climate. It is
cooler in summer and warmer in winter near a Great Lake. Retention of heat



lengthens the frost-free season and is the reason fruit is grown near Lakes
Michigan, Ontario and Erie.

Winter and summer, the weather is more changeable because cold fronts from
the Arctic and warm fronts from the Pacific and the Gulf confront each other so
of ten in the moisture laden atmosphere over the lakes. The moisture in the
atmosphere provides many humid days in summer and heavy snowfalls in the lee of
the lakes.

The long term average annual p rec ip it ation is abou t 31 inches �7 cm. !,
less at the western edge of the basin and more on the east. Variations in
p rec ip i tat ion and temperature are the chie f reasons for f luc tuat iona in lake
levels, w it h both more water supp ly and less evaporat ion dur ing the wetter,
colder periods when lake levels rise. While changes in lake levels af fec t
shoreline development severely, the fluctuations of several feet are small in
relation to the volume of water. All of the Great Lakes are part of a single
hydrologic system but each one is different.

The sys tern begins in Lake Superior, given its name by the French because
it is the highest above sea level, about 602 feet   L80 m!, with the reference
point at Father Point, Quebec. Superior. is all superlatives, the largest in
every way. It could hold as much water as all the rest of the lakes combined
plus three more Lake Eries. It is the co ides t and the deepes t, up to 1,333
feet �99 m! wi th an average depth of about 500 feet �50 m! over all.
Superior has the longest retention time for water, about 200 years. This Lake
is also still the cleanest, though its size and slow flushing time make it most
vu lnerab le to permanent pollution.

Lake Huron and Lake Michigan share the same hydrologic system because
their surfaces are at the same height above sea Level, about 581 feet �77 m!,
and because they are connected through the broad Straits of Mackinac. Huron is
the second largest of the f ive lakes and up to 750 feet �25 m! deep with an
average of 194 feet �9 m! . The f low retention time for Huron is only 22 years
because of its relatively large outlet into the St. Clair River toward Lake
Erie.

Lake Michigan is the third largest and the only Great Lake entirely within
the United States ~ It is up to 925 feet �82 m! deep, with an average of 279
feet  85 m! . Lake Michigan has a slow flushing time of 100 years because it us
a cul de sac, receiving and d ischarging water to the system through the same
outlet in the north ~ Like Superior, Michigan is more vu Lnerab le to pollution
because of its s ize and long retention time ~ Its prob lems are compounded by
the largest concentration of industry and cities in the region around its
southern end in the Milwaukee-Chicago-Gary metropolitan area.

Lake Erie is the shallowest of the lakes and ho ld s the least water ~ Its
fast f low through time o f only three to f ive years makes it like a wide p lace
in the Great Lakes river to the sea. Because of its small size and because of
the concentration of row crop agriculture and numerous c ities on its shores,
Lake Erie was the f irst Great Lake to be af fee ted over all by pollution. Yet
Erie s fast f lushing t ime assis ted its dramatic response to c lean-up of
conventional pollution and its short water column makes is less vulnerab le to
tox ic contamination.



Below Niagara Fa11s, Lake Ontario is downstream from all the other lakes
and thus rec e ives pollutants from ups tream as we 11 as its own watershed . It
rece ived large load ings of contaminants from the Niagara River, which is
bord e red by numerous hazardous waste land f il ls for the chemical industry that
located in the area to use elec tricity produced at the Falls. Ontario is
sma 1 le r in a rea bu t much d eepe r than Er ie, 282 f ee t  86 m! on the average and
up to 804 feet �45 m! . The flow through time is only six years because it has
the largest outlet of all the lakes in the St. Lawrence.

Change in the Great l.akes Ecosystem

When the first European explorers found the lakes in the 16th century, it
is es t imar ed that about 120 thousand peop le lived in the watershed that is home
to mo re than 40 mi 1 lion Ganad ians and Americ ans now ~ Many of the native
peoples depended on hunting and f ishing. Those who planted crops moved on to a
new location every f ew years, leaving the land to recover and waterways un-
changed .

Most of the region was heavily forested, with deep grasslands in the few
open areas, and travel was very difficult except by water ~ Streams ran clear
and cold year round and seldom flooded because wetlands filtered the nutrients
in s low runo f f from the wooded land . Elk were the largest mammals, with bear,
deer, wolves, beaver and large members of the cat family common throughout the
region.

There were several hundred species of birds in great abundance ~ The Great
Lakes, espec ially the north/south shores of Lake Michigan, are a continental
flyway for migratory birds, with wetlands providing essential habitat for many
species of waterfowl.

The Europeans also made little difference for the lakes in the first 200
years after their arrival. They lived in small settlements around the forts
that protec ted the fur trade and the voyager traders trave1ed mainly on the
natural waterways. Permanent changes began first in the east in the 18th
c entury with removal of the fores ts for s e t t lement and f ie ld s and d amming o f
the streams to power gr is t mills.

The Great Lakes Fishery

Radisson, LaSalle and other early French explorers were amazed by the
size, abundance, and number of spec ies of fish in the Great Lakes. It is
thought there were about 180 native species of fish, some now extinct, and many
subspec ies adapted to particular locations. Still, the lakes were relatively
unproduc t ive for their s iz e, bee ause o f the low leve 1 of nut r ients in the
water, and the fishery was quite different than it is now.

It is believed there were many fewer individual f ish in the lakes but that
the average ind ividual f ish probab ly weighed 4 or 5 pounds � 7 to 2 2 kg! ~
Radisson marveled at six foot long pike. Century-old sturgeon that weighed up
to 400 or 500 pounds �71 to 227 kg! may explain the old drawings of so-called
sea monsters in the lakes. Several kinds of herring, whitefish and lake trout
were abundant in open waters. Perch were found mainly in shallow bays where
nutrient levels were higher.



But there were no carp, smelt, brown or rainbow trout, alewives, pink
salmon, sp lake or the Pac if ic salmon now so prized by sports f ishermen, the
coho and chinook. Nor was there any sea lamprey, at least not above Niagara
Fa1 ls . None o f these f ish so common today are na t ive to the lakes, wh i le a
number of native species, like the blue pike and the longjawed cisco, are
ext inc t.

The la~prey and the alewife, a small ocean herring, are believed to have
invad ed the lakes f rom the At lan tie through man-mad e c ana 1s - The arne lt and
pink salmon acc id entally reached the lakes af ter being stocked elsewhere. The
others, including carp, were deliberately introduced.

Sc ient is ts agree that restoration to the cond it iona that existed before
the landscape and the lakes were changed by sett lement and indus tria 1 ization
would be impossible. Yet protection of the integrity of the ecosystem for the
fu ture requires at tention to how much rehabilitation and res torat ion can be
accomplished and to whether there is agreement on what would be desirable.
Overfishing, pollution and habitat loss as well as the advent of exotic species
have all contributed to ecosystem change-

Changes in the Great Lakes Ecosystem

The temperature was raised and the character of streams changed as forests
were removed from the banks and f lows s lowed by d ams. F ishery b iolog is ts
speculate that the warmer water gave an advantage over native spec ies to the
parasitic sea lamprey in s treams where they spawn. The lamprey attacks large
fish by attaching itself by its large mouth ringed with sharp teeth and feeding
on the body fluids.

After the Northwes t Ord inane e opened the Great Lakes region to permanent
s e t t 1ement f o 1 lowing the Revolutionary War, canals were built to improve
transportation into the interior of the continent. It is believed the alewife
and lamprey entered the Great Lakes through the Er ie Canal and reached the
upper lakes through the Welland Canal that was built to bypass Niagara Falls
for navigation.

The peak commerc ial fishing years on the Great Lakes were from the 1860 s
to the turn of the century as lack of regulation, increasing markets and more
ef f ic ient fishing equipment encouraged heed less harvesting. Sturgeon had
become rare by 1900 because fishermen, who d isliked the way the sturgeon s bony
snouts tore their nets, piled them up like logs and burned them. By the time
the value of sturgeon caviar was recognized, it was too late.

Today, sturgeon in the lakes are rare and small ~ Commerc ial f ishing
remained a maj or Great Lakes industry through World War II, but by the 1950's
the lamprey had almost destroyed the lake trout in Michigan and Huron and other
catches had dec lined drastically. Now the largest commerc ial catch in Lake
Michigan is alewives for animal and chicken feed.

Both were

recognized as a
food source for

taken initially
other d es irab le

p r esen t in Lake Er ie by the mid-1 9th c en tury but were not
threat until much later. The Great Lakes f ishery was a major
the expanding cities through the century ~ Little notice was
of fluctuating catches and decline of some spec ies, because

species always seemed to be available.



lt is d iff icult to weigh the relative role of several factors in the
dec line of the value of the commerc ial f ishery ~ In the United States, some
spec ies cannot be sold in interstate commerce because the concentrations of
PCB s and certain other chemicals exceed levels considered safe by the Food and
Drug Admin is t rat ion The populations of other spec ies are too small and
inc ress ing ly s tate governments favor sport f ishing over comme rc ial f ishing
because they believe the economic return is higher.

Zn 1955, Canada and the United States established the Great Lakes Fishery
Commiss ion to f ind a way to cantrol the lamprey. Since the early 1960 s, two
chemicals have been used to kill lamprey spawn in streams ~ The lamprey popula-
tion has been reduced up ta 90 per cent but total eradication is unlikely.

One concern is that the lamprey may be developing resistance to the
lamp r ic ides. Ano ther is that deliberate introduc t ion of chemicals into the
aquatic ecosystem should nat be continued. A third is that, ironically,
pollution control has extended the lamprey s intrusion into cleaned up rivers.
Since water quality improved in the St. Louis River near Duluth in the 1970 s,
the walleye have returned but the dreaded lamprey has also begun spawning there
in the f ar thea t reach o f the Great Lakes sys tern.

Tbe intrus ian of the alewife and smelt also contributed to permanent
change. The alewife is not well adapted to the Great Lakes and dies off in the
spring. In Lake Michigan, the alewife populatian grew as the lamprey destroyed
the top predator, the lake trou t, lead ing to one of the best-remembered Great
Lakes disasters. In 1967, thousands of tons of dead alewives clogged Chicago s
d r ink ing water in takes and made beaches all around the lake unusab le all
summer ~ The smell will never be forgotten. Public horror increased because of
massive dieoff at the same time of waterbirds who contracted botulism by eating
the ratting fish.

The depredations of even the tiny smelt were first recognized by commer-
cial fishermen who observed that the smelt eat eggs and fry of other, more
desirable fish. Debate continues over the relationship between species changes
and degradation of water quality as factors in ecosystem change. Sport fisher-
men da not question the value of the deliberate introduction of salmon from the
Pacific Northwest into the Great Lakes'

The coho and chinook salmon were introduced in the mid-1960 s by fishery
experts who reasoned that the alewife population could be reduced by new
predators and the lake trout restored as the lamprey declined. The salmon
thrived so well that by 1970 the enthusiasm felt by fishermen for the big fish
was called coho fever. With return of the wa1 leye to Lake Er ie and sa lmon
stocking in all the other lakes, sport f ishing has developed as a major new
industry in. a region that has been losing others.

The State of Michigan of f ic ially promotes sport f ishing over commerc ial
fishing. Other states seek to promote both, but competition between sport and
commercial fishing interests is growing. Some support fishing organizations
are using their political power to advocate that efforts to restore the native
lake trout b e abandoned so that more money c an be devoted to stocking the
exo t ic s a lmon. Wi th new apprec iation for the many ways the Great Lakes
ecosystem has been disturbed, biologists consider the future of all Great Lakes
fisheries to be uncertain.



Although massive stocking of the lake trout has continued s inc e the rnid-
1960 s, the trout does not yet reproduce enough to sustain itself except in
Lake Superior ~ The problem may be partly genetic, since many subspecies
adapted to spec if ic locations were lost. Research has shown that both repro-
duction and survival are affected by the presence of toxic contaminants such as
PCB s and toxaphene. In any case, bioconcentration of persistent organic
hyd roc arb ons makes the trout as we 1 1 as the large salmon unsafe for human
consumption in mast places ~

Furthermore, the alewife population has now been reduced sa much that it
no longer provides a sufficient forage base for the Pacific salmon, which, to
the dismay of sport fishermen, are not growing as large now as they did in the
early 1970 s. Now the salmon seem to be turning to the smelt and to native
herring and perch for food ~ Fishery management agencies are being urged to
limit commerc ial fishing of native spec ies to protect a forage base for the
put-and-take salmon fishery. Lake Michigan, the sixth largest lake in the
world, is so dependent on stocking that it is called the world s largest
fishbowl. Public health advisories against consumption of various species are
issued by every state and province and toxic contamination is now considered a
potential threat to future use of the lakes for drinking water as well as to
the Great Lakes fishery.

Degradation of Great Lakes Water Quality

The first pollution problems in the lakes were also observed by 1900, but
they seemed to be localized and caused no general concern. As lumbering spread
across the Great Lakes reg ion, sawdust clogged the mouths of tributaries,
destroying hab itat and inc reas ing b iochemical oxygen demand  BOD! as it
decomposed. Increased soil erosion and runoff as the land was s tripped of
vege tat ian and p lowed add ed s i 1 t to the poilu t ion load that tributaries
delivered to the lakes. Today, agricultural runof f is a source of pestic ides
as well as nutrients ~

Near the rapidly growing c ities, industrial wastes and untreated sewage
caused fouled harbors and nearshare waters, adding disease-causing bacteria ta
high BOD problems ~ Chicago was the first city to act to protect its Great Lake
water supply.

After an estimated 15 per cent of the city s population died in epidemics
af cholera and typhoid from 1885 to 1887, the flow of the Chicago River was
reversed to carry sewage effluent away from Lake Michigan into the Illinois and
Mississippi r ivers ~ The action protected the lake but was an early example of
d isp lac ement rather than elimination of wastes. Congress passed the 1899
Refuse Act to stop discharge of industrial wastes but vigorous enforcement of
this law did not begin until 1969 and localized pollution continued to grow in
the Great Lakes.

The Boundary Waters Treaty of 1909 and the IJC

In 1909 Canada and the United States negotiated the Boundary Waters Treaty
to provide a peaceful system for resolving d isputes and for making cooperative
decisions for all the waterways that cross their common border. The treaty
estab lished the International Joint Comroiss ion  I JC! as a uniquely independent
agency that advises the governments.



Three members of the 1JC are appointed for each side and they are supposed
to carry out their duties as ind ividuals without regard for national concerns ~
The dut ies of the I JC inc lude s tud ies on prob lems by reference, or request,
from the governments. The IJC also informs the governments about prob lems that
need attention, but it hss limited authority to initiate a study on its owns
Nor can the IJC initiate actions to solve prob lems unless directed to da so by
the governments ~

By 1919, the I JC reported ta the governments that serious degradation of
water qual i ty was ace u rr ing in more and more loc at ious in the Great Lakes but
no action was taken. By 1929, the first scientific report was made that decay
of massive algae growths was causing depletion of oxygen in the western basin
of Lake Erie ~

Over the next' decades oxygen dep let ion was observed in a larger area in
Lake Erie every summer. About 1960, sc ientists reported that for the f irst
time accelerated eutrophication threatened the future of a whale Great Lake. A
reporter s interpretation that "Lake Erie is dying" alarmed a public that was
growing increasingly concerned about air and water pollution generally.

The public concern provoked both governments to sign the Great Lakes Water
Quality Agreement in 1972, with the IJC directed to oversee its implementation.
Initially, the binational Great Lakes agreement emphasised reduction of phos-
phorus load ings to control eutrophication.

Eutrophication and the Great Lakes

The trophic status of a lake is a measure of its biological productivity.
hlutrients and light are necessary to sustain life in water as they are for
g row t h on land . Eutrophic waters are mos t p roduc tive, a 1 i go trophic leas t
productive, with mesotrophic somewhere between. Accelerated eutrophication in
Lake Erie ac tual ly meant, then, more life rather than less, with more pol lu-
tion-tolerant species becoming dominant.

The most obvious signs to the public were fewer walleye and many more
perch, and turb id or c laudy water due to heavy algae growth, espec ially the
long, s limy, exceeding ly unpleasant algae called c ladophora. The Great Lakes
agreement stressed reduction of phosphorus loadings when scientists agreed that
it is the 1 imit ing nutrient for the Gree t Lakes . The agreement c al led for a
b inat ional c leanup process to be carried out through the new Great Lakes
Regional Office of the IJC, located in Windsor, Ontario, just across the river
from Detrait.

The Great Lakes Mater Quality Agreement

In the Great Lakes agreement, the governments of Canada and the United
States agreed to work together and separately to achieve spec if ied water
quality objectives ~ The aim is both to clean up existing pollution and prevent
continuing degradation. The process estab lished by the agreement calls for
remedial programs, research and monitoring. It also provides for accounta-
bility and flexibility to modify the objectives as conditions change or as new
information is developed ~



Two binational boards of experts are called for, the Water Quality Board
and the Science Advisary Board. Members of the Water Quality Board represent
environmental management agenc ies while members of the Science Advisory Board
include academic experts as well as staff of research agencies. Both assist
accountability by making annual reports to the IJC on progress toward meeting
agreement ob ject ives ~

The ag reemen t recogniaes d if f erenc es in the two coun tr ies by al lowing
remed is 1 programs to b e carried out under their own laws. In Canada, the
province has primary responsibility far environmental management. Thus there
is a Canada-Ontario Agreement that the province will apply the Great Lakes
water quality objectives in its pollution control programs. In the United
States, the federal government set minimum national standards under the Glean
Water Act and the Environmental Protection Agency has the lead responsibility
for meeting Great Lakes water quality objectives.

For phosphorus, the 1972 ob jec tive was no more than 1 mg. per liter in
e f f luents d isc barged d iree t ly into Great Lakes waters. Control measures
inc luded expans ion of sewage treat'ment capacity and reductian of phosphates in
detergents.

Bath count r ies es tab 1ished new Great Lakes research programs to meet
commi tmen ts und er the agreement . Canada has its Centra of Inland Waters and
the United States has special Great Lakes programs and laboratories under EPA,
the National Oceanic and Atmospheric Administration  NQAA!, and the Army Corps
of Engineers, with other agenc ies part ic ipat ing as needed ~ A reference from
the governments called for a cooperative Land Use Ac tivities Reference Group
study  PLUARG! as the f inst major effort.

The study from 1973 to 1976 was designed to answer three questions: How
much Great Lakes pollution is caused by land runof fl Where is it occurring'
What should be done about it7 The PLUARG repart identified agricultural runoff
as the sourc e for about ha 1 f the phosphorus load ing of Lake Er ie and led to
demonstration projects for conservation tillage. What is now a natianal
movement for cans e rvat ion t i 1 lage to reduce so i 1 eros ion was begun to improve
Great Lakes water quality. The study also identified the atmosphere as another
major diffuse source of pollution to the lakes, particularly toxic substances.

Tox ic Contaminat ion

By 1976, the manitor ing reports and results of research had conf irmed high
leve ls of many tox ic c hemic als and heavy metals in the lakes as we 1 1 as long
range transport through the atmosphere. Great Lakes states had banned DDT
after scientists demonstrated in 1968 how the pestic ide bioaccumulated in the
food chain of Lake Michigan. In 1971, fishery bio log ists who were monitoring
dec line of DDT levels in fish d iscovered high levels of polychlorinated
biphenyls  PGB s!, a discovery that led to a ban on manufacture of PGB s in the
Toxic Substances Control Act. In 1975, high concentrations of PCB s were found
in lake trout in a small lake on Isle Royale, a wilderness national park in
northern Lake Superior far from any possible direct source.

When results of the 1972 agreement were reviewed after five years by the
governments, a sec ond agreement was d eve loped and s igned in 1 978. The new



agreement added a call for an ecosystem approach to management and a virtual
zero discharge of toxic substances as objectives.

For phosphorus, the 1978 agreement introduced the concept of mass balance
as a basis for control by calling for individual target loadings for each lake ~
The targe t Load ing is se t to reve rs e eutrophication. Today, reduced a lgae
growths in moat Great Lakes locations and return of the walleye to Lake Erie,
to the St. Louis River near Duluth and to the Fox River that flows into Green
Bay are all considered signs of reduced eutrophication. The signs continue to
improve in the lakes themselves.

Comparable progress has not been made in control of toxic contamination,
but I be lieve tha t exper ience in the Great Lakes is again showing the way for
addressing a serious, comp Jex, and most dif f icult environmental prob lem. The
National Academy of Sc iences in the United States and the Royal Academy of
Canada recently endorsed the need for an ecosystem approach to management in
their joint review of progress toward meeting the ob jec t ives of the 1978 Great
Lakes agreement. Better understanding of the sources and fates of toxic
contaminants in the Great Lakes has set the stage for an ecosystem approach in
remedial programs, with ecological integrity rather than only reduced levels of
specific pollutants as the goal.

A New Great Lakes Strategy

The new strategy for control of toxic contamination that is emerging from
the Great Lakes is based on a mass balance approach. This approach seeks to
identify all sources and to control toxic aub s tanc ea to levels that do not
af fee t the health and well being of organisms, the definition of toxic in the
Great Lakes agreement. It takes into account b ioconc entretion as the process
by which contaminanta present in very low levels in water b ioaccumu late to
dangerous levels that af fec t both life in the lake and other organisms,
including humans, at the top of the food chain.

To date, over 1,000 chemicals and. heavy metals have been identified in the
Great Lakes ecosys tem, in the water, in sed iments, or in f ish. Per s is tent
organic chemicals such as PCB s can concentrate up to levels up to a million
times greater in large salmon and trout than in the water. High rates of
tumors in fish and b ir th defects in herring, gulls and cormorants demonstrate
consequences of toxic contamination. Long term epidemiological. studies of
humana with high levels of PCB s in their bodiea because they eat Great Lakes
fish are showing potential consequences for human exposure. Babies born to and
breast fed by mothers with high concentrations of PCB s in their fat and blood
are smaller on the average at birth and show subtle neurological signs of
d eve 1 op men t a I d is tu rb anc e ~

We now know that sources of toxic contaminants into the lakes include the
atmosphere and sediments as well as d iree t d ischarges and land runof f . Four-
f i f ths o f the load ing o f toxic substances to Lake Super ior and half to Lake
Mich ig an is by atmospheric deposition. Sources to the atmosphere inc lude
incineration, evaporation from industrial and sewage treatment systems, and
evaporation from agricu l tural operations - In recent years sc ient is ts have
learned that PCB s and other volatile organic chemicals evaporate from the
surface of the water and are passed through the water column back into the
atmosphere in gasses excreted by bottom feeding organisms ~
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Chemicals are reaching the lakes through groundwater from hazardous waste
land fills in connecting channels such as the Niagara and St. Clair rivers.
They do no t remain set tied out in sediments but can be resuspended by wave
action due to passing ships or storms, or ingested and excreted ~ The size and
c losed nature o f the Great Lakes make them a s ink for tox ic sub s tanc es ~ The
lesson of the lakes is that, if it is happening in the Great Lakes, it is
happening in the b iosphere.

Conc lus ion

The story of the Great Lakes is complex and I have omitted many details of
how the Great Lakes community is learning to app ly an ecosystem app roac h to
management o f this huge res ourc e. Whe ther we wi1 l succeed as we l l with the
more dif f icult problem of toxic contamination as we have with eutrophication
remains to be seen.

Still, scientists tell me that the Great Lakes achievement with phosphorus
control in such a large system in so many jurisdictions by so many different
measures is unmatched anywhere in the world. Surely we should learn from this
succ ess and cont inue the Great Lakes Water Quality Agreement to carry out
remed ial programs, research and mon it ~r ing across the border we share with
Canada.

I remain conf ident that, with sufficient understanding, the public will
support whatever is nec es sary for cont ro l o f tox ic con tamina t ion as well. We
welcome you as educators who will join in fostering the und era tend ing on which
the future of the sweetwater seas, and the biosphere, depends.
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Good afternoon.

It is as a colleague, then, that I urge you to take a message
back to your classrooms. We must mount a concerted attack on the
pollution that threatens the quality of our Great Lakes water if
we are to preserve this valuable legacy for our own benefit and
for the pleasure and prosperity of our children.

As a concerned citizen of not just Ontario, but of North America,
I have made that commitment. As a politician fortunate enough to
be part of a government committed to protecting the environment,
I have embarked on an ambitious program to improve the quality of
the precious waters that are so crucial to the economic
well-being of my province and the states in the Great Lakes
Basin.

Today, I will outline what Ontario is doing to fulfill its
commitment. But first let me put the need for action in
perspective.
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The Great Lakes region is a colorful and cherished part of North
American history. The ancient peoples of this continent
gravitated to this region, as did many of the explorers and
settlers who followed them. Since the beginning of European
settlement, life in Canada has focused on the Great Lakes
St. Lawrence River system. To Canadians, however, these
waterways are more than just history and heritage. They shape
the industrial heart of our nation.

You can see, then, that the Great Lakes are an integral part of
this continent's capacity to produce wealth. They are highways
of water, carrying cargo economically. They quench the thirst
of our citizens and industries. They give us electricity. Their
secluded beauty spots, teeming waters and busy beaches are the
basis of a vibrant tourism industry.

But these are troubled waters, too. For too long, we treated
t.hese magnificent lakes with cavalier indifference, thinking that
somehow these gigantic bodies of water could absorb without
effect our industrial wastes, our municipal sewage and our
ever-increasing demands. This is the largest fresh water system
in the world � � and indeed represents some 18 per cent of the
world's fresh water supply -- but it is not immune to the insults
and injuries a modern industrialized society can unthinkingly
deal out.

Unfortunately, the signs of trouble are all too clear, and all
too foreboding. Recently, a study prepared by the Royal Society
of Canada and the U.S. National Research Council stated  and I
quote!,

"The human population living in the Great Lakes
Basin is exposed to appreciably more toxic
chemical burden than other human populations
in similarly large regions of North America."

 end of quote!

This is a strong warning . . . and a challenge to reverse the
trend of degradation and restore the Great Lakes system to
environmental health.

The Canadian-U.S. International Joint Commission, which oversees
the 1978 Great Lakes Water Quality Agreement between our two
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countries, has said persistent toxic substances remain the
principal issue conf ronting the Great Lakes. Scientists believe
more than l,000 chemicals are in these waters.

Ny personal goal is the virtual elimination of persistent toxic
chemicals in the Great Lakes Basin. It is a distant goal, with
many stops along the way, but that is where we are going.

Our citizens are more concerned than ever about environmental
issues. It is a heartening sign, and indicates the time is now
right to accellerate the political process of cleaning up the
Great Lakes Basin.

That is precisely what we are doing in Ontario. We are a young
government, little more than a year old. We have had to overcome
the inertia engendered by our predecessors who pampered a herd of
sacred cows. In our short tenure, we have shown the public and
industry that the time for coasting is over, and the day of
clean-up and reform is at hand.

That is why I. say my goal is the virtual elimination of
persistent toxic substances from the Great Lakes. It is with
that goal in mind that my ministry is breaking new ground.

Let me give you an example that illustrates our commitment to
solving this complex problem.

Shortly after I became Ontario's Environment Minister last
summer, we pursued the serious pollution problems in the
St. Clair River region. Following a spill of the cleaning
solvent perchloroethylene into the river by Dow Chemical,
a tarry substance was discovered on the river bed. Examination
and testing of this so-called blob revealed the presence of
dioxins and a fistful of other toxic chemicals.

As a result, we began a careful and detailed program of drinking
water monitoring in this petrochemical manufacturing region.
Octadioxin was discovered. Perchloroethylene was also found in
treated drinking water. Scientists and medical experts assured
us the levels of both substances were within health-related
guidelines set by Ontario, Health and Welfare Canada and the
World Health organization.

This may be reassuring in the short-term, but I am committed to
wiping toxic contaminants from the St. Clair and Ontario's other
water systems. I regard the problems in the St. Clair River as
an opportunity to develop a comprehensive program of tough
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reforms to measure and reduce chemical discharges into all the
province's waterways.

My ministry is developing regulations that will require both
industries and municipalities to monitor and report to my
ministry on discharge activities. Abatement measures will follow
close behind.

We are sampling and analyzing drinking water supplies around the
province for more than 100 potential contaminants.

And we are employing the most up-to-date technology to clean up
the areas that require immediate action.

Soon, these measures will be in effect throughout Ontario's
portion of the Great Lakes Basin. Where closer scrutiny of
discharges is warranted, we will do so. Where more manpower is
needed to handle special problems, we will provide it. Not just
in the area we call The Chemical Valley, but wherever
contaminants are found.

There is another side to tougher regulations. They must be
coupled with penalties that deter polluters. To that end, I am
dedicated to showing polluters that the days of a slap on the
wrist for assaulting our environment are over.

We are establishing a new penalty structure that will allow
flagrant polluters to be sentenced to jail for as much as a year ~
Fines will be heavier, and every day of illegal pollution will be
considered a separate offence. There will be provision for
capturing ill-gotten gains from pollution.

The environment will benefit from these penalty bump � ups, and so
will the vast majority of our industries. These corporations
invest considerable capital to control pollution and meet the
public's expectations. They should not be put at a competitive
disadvantage to the few mavericks and recalcitrants which seek to
squeeze private benefit from dirty production methods. I intend
to take the profit out of pollution.

These t

revital

But I ask those who have come here from regions far removed from
the Great Lakes to remember that these waters are as important to
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your country as they are to ours -- and they deserve the care of
both Canada and the United States.

The imaginary line that cuts through Lake Superior, Lake Huron,
Lake Erie and Lake Ontario is our common borders But map lines
do not stop the flow of water between our countries. Nor can it
stop the flow of pollutants.

We have seen evidence of that in the Niagara River area. The
contamination problem there is severe. Dioxins have been
identified at several dump sites along the U.S. side of the
River.

We recently learned of dioxin levels at the 102nd Street dump
adjacent to the Niagara River some 630 greater than the amount
requiring federal action. Yet the Environmental Protection
Agency has not ordered the removal of these dangerous chemicals.
Its cappi.ng and containment approach to hazardous waste sites is
adequate only as a short-term, stop-gap measure.

It is not a permanent solution. Only excavation of the sites and
destruction of the toxics will provide long-term security for the
water supply which millions of our citizens rely upon. This and
several other direct threats to the Niagara River, which flows
into Lake Ontario and provides drinking water for four million
Canadians, must be removed.

Consider the costs of not removing these contaminants. A recent
study by our federal Inland Waters Directorate tells us the
social, health and environmental toll could be staggering -- as
much as 172 million dollars per year.

That includes the cost of additional water treatment facilities
around Lake Ontario, damage to the Lake Ontario fishery, the
effect on almost three million angler-days spent fishing in the
lake each year, social and health costs, and depressed real
estate values.

We know, too, that New York State does not want to pay that
price. That is why a meaningful, comprehensive plan to curb
chemical pollution in the Niagara River is such a high priority
on both sides of the border.

Congress must be convinced that we, on both sides of the border,
need its commitment to funding and quick action on a Niagara
clean-up.

It is imperative that we -- as countries, provinces, states and
voters -- act together in our efforts to protect the environment.
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We must all muster the political will to co-operate and act
forcefully on an issue that strikes at us all.

If we can co-operate on the Great Lakes, we can co-operate on
every aspect of environmental protection -- including tackling
the serious problem of acid rain.

convinced to make
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In Ontario, we have recently introduced the strongest measures
against acid-rain-causing emissions ever undertaken in North
America.

We call it Countdown Acid Rain. It requires drastic reductions
in Ontario's sulphur dioxide emissions over the next eight years.
The four major industrial polluters that are responsible for 80
per cent of these emissions in my province have been ordered to
reduce them by 67 per cent by the year I994.

As educators concerned with marine life, I'm sure you are aware
of the disastrous effects of these emissions on our lakes and
rivers � � and on ~our lakes and rivers. You may be interested to
know that 50 per cent of the acid rain that affects Canada's
eastern provinces originates in the United States' In fact, the
United States contributes four times as much acid rain to Canada
as we do to the United States.

We cannot erect border barriers against acid rain. We can
stop sulphur emissions at their sources, before they drift
the Great Lakes and into the waterways of my province. Tr
Great Lakes hold up against acid rain because of the neutr
effects of their limestone deposits. But the aquatic life
streams, rivers and lakes that feed into them does not ~

Acid rain abatement must become a priority. Recently, the
governments of our countries endorsed a report by Canadian and
American envoys that recognizes acid rain as a problem caused by
pollution. It is a step in the right direction, but hardly a
monumental achievement.
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I have outlined Ontario's commitment to ridding the Great Lakes
system of dangerous chemicals and cutting down on harmful sulphur
dioxide emissions. Let me say again that I will not be satisfied
with anything less than the virtual elimination of contaminants
from the waters of the Great Lakes Basin, and drastic cutbacks in
acid rain to levels which all but the most sensitive waterways
can tolerated

Let me stress once more that there is no point in simply cleaning
up problems that already exist. Yes, we must clean up. But we
must also put in place a systematic reform of pollution control
to halt the accumulation af persistent toxics and prevent future
emergencies.

That. is why I remind you that you are the teachers of the coming
generation of voters, politicians, and concerned -- I hope
citizens. You are aware of how crucial clean waters are to our
future, and that the fight to protect them must be carried on by
your students. Please make these environmental facts of life
part of your message to your students,

Let us all work together to save the Great Lakes, the small
lakes, the rivers and the streams of North America.

Thank you.

oOo
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A HISTORY OF GREAT LAKES SHIPPING

By Alexander C. Meakin

The history of Great Lakes shipping is a broad subject. It
begins with primitive dugout canoes, and stretches across the
years to modern bulk carriers that are so large that it is
impossible for them to pass through any of the canals and rivers
that link the lakes to the oceans. Thus, in fact, they are
literally locked into the lakes.

In attempting to understand the role of shipping from the
perspective of history, it can be said that the upper mid-west
and central Canada were developed because of the Great Lakes.
The exploration of the central portion of North America was
carxied out largely by water. Most. of the early settlers entered
the region by water. And the development of heavy industry in
North America's heartland was largely because of the
concentrations of minerals and other raw materials in the region
itself. The relatively low cost transportation of such materials
over the lakes led to the development of the largest part of the
American and Canadian steel industries, which, in turn, were the
backbone of our two nation's economies until the recent economic
recession. Thus, in a very real way, the Great Lakes were the
lifeline that supported the development of our two nations over a
span of almost a century and a half.

The vessels that were developed over that period were
propelled by both sail and steam, as well as more modern types of
engines in recent years. They have included the development of
technological features which in some cases have spread into world
wide use.

A brief survey of various vessel types and their development
will give a broader insight into the role of the lakes in the
moving of people and cargoes through the years. Perhaps the best
place to begin, is to go back to the very beginning of
civilization in North America and examine vessels used by
primitive peoples.

Over a period of many centuries, the heavy wooden dugout
canoes of the earliest Indians evolved into small hide and bark
covered canoes. These lighter canoes were quite efficient in
relation to what they could carry, and in relation to the effort
needed to move them from place to place. They, in turn, led to a
class of somewhat larger canoes which were used by the Indians
for the movement of animals killed by hunting parties. Some of
this type of canoe were also used for the movement of war
parties, hence the name War Canoe.

The ultimate in small canoes were those covered with birch
bark. They were very light in weight, and could be moved with
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very little effort. It is generally believed that the finest
canoes of this type were those developed by the Algonquian
tribes.

Many of the earlier explorers an missionaries also traveled
by canoe. Most of them were of the larger varieties. A 25 foot
canoe could carry about a ton and a half of cargo, plus a seven
or eight man crew.

The legendary voyageurs further developed the canoe into a
highly efficient type of cargo vessel. Some of these were 35 to
40 feet. in length, and could carry a crew of fourteen to sixteen,
plus a tremendous quantity of furs or other cargo.

Probably the first new type of vessel developed especially
to meet the needs of Great Lakes commerce was what, in later
years, came to be known as a Mackinaw Boat. Originated by the
French, it continued in use well into the present century. Built
entirely of wood, in later years it was double ended. Many
carried sails, and some had center boards for stability. They
were used largely on the upper lakes and for every imaginable
purpose, including commercial fishing.

The first large sailing vessel to be built for service on
the lakes was the ~srif on which was built by the explorer Lasalle
in l679. As time went on, sailing vessels of many different
types were built, both for the movement of people, and for
various commercial cargoes as well. Some of these vessels
reflected certain characteristics associated with particular
cargoes. Others reflected the skills, or lack thereof, of their
builders. Thus, vessels built in one port were often quite
different from those built elsewhere.

As sailing vessels continued to be built over the years,
they gradually evolved into a few basic or standard designs as
far as their rig was concerned. Xn turn, some such as the Qav+
Qows were truly gigantic. Having five masts, and being 265' in
length, and displacing 1,4l9 tons, she was large even by ocean
standards. Although sailing vessels continued to be built into
the later years of the nineteenth century, the development of
steam vessels parallelled the development and use of sail.

The first commercial steamer above Niagara was the Walk-In-
c

present city of Buffalo. She could make the run from Buffalo to
Detroit in 44 hoursf The sidewheeler gjg~gan of 1833 marked a
major change in vessel design. For the first time passenger
accommodations were placed above the main deck.

Many of the earlier sidewheelers, as well as some of the
larger sailing vessels in use during the first half of the
nineteenth century, carried thousands upon thousands of settlers
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to the new communities then springing up along the shores of the
lakes. In contrast to the settlement of other areas of the mid-
west and far west, the cities of' the Great Lakes basin received
most of their early settlers by water, rather than by covered
wagon.

With the opening of the North American heartland for
settlement following the War of l8l2, large quantities of
household goods and raw materials for light industry began to be
moved by ship across the waters of the lakes. Similarly,
agricultural products, fish, minerals and timber were moved
across the lakes as a first link in their transportation to other
regions of Canada and the United States'

With the discovery of large quantities of copper in the
Upper Peninsula of Michigan, that metal became a major cargo on
the lakes for many years.

Soon after the close of the original exploration of the
lakes region, the shipment of timber became a major operation in
certain areas, particularly on Lake Ontario and the St. Lawrence
River. For over a century the British Navy looked to both Canada
and the United States for much of the timber used for the
construction of its vessels. In later years lumber in rough form
became the largest commodity moved on the lakes. By the early
years of the present century the volume of lumber moved began to
drop off in volume. At the same time, the movement of large
"rafts" of pulp wood continued to be a major shipping activity
until about the time of World War II.

With the discovery of iron ore in the Upper Peninsula of
Michigan, and later in Minnesota, the development of the iron and
steel industry in the United States and Canada entered a new era.
And the lakes became the main route for the movement of the ore
to the new steel making centers. Over the span of only a few
decades iron ore became the major cargo moving on the lakes. As
time went on, this ore, together with the coal and limestone used
to make steel, became the life blood of North America's heavy
industry, and the economies of both nations. The importance of
iron ore in this respect continued until the nineteen eighties
when the entire steel industry collapsed. As recently as the
nineteen seventies, the locks at Sault Ste. Marie, largely
because of the volume of iron ore, annually passed more cargo in
an eight and a half month season, than did the Panama, Suez, and
Kiel canals combined over a full twelve months.

The handling of bulk minerals and ore was originally done
with barrels or kegs. As specialized loading and unloading
equipment was developed, such cargoes began to be handled in
bulk. The first vessel especially designed and built for the
moving of such bulk cargo was the wooden steamer R. J. Hackett
which was built in Cleveland in l869. An interesting peripheral
development took place in relation to the Hackett. Several years
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towed by the Hackett, thus increasing the capacity of the
steamer. The barge carried a limited suit of sails for
propulsion in the event that she was let loose or broke loose
from the towing steamer. This use of two barges became quite
widespread as time went on. Many of the older wooden schooners
finished out their careers as tow barges. In later years a
number of steel barges were built for such service. The use of
consorts continued on a limited basis until shortly after World
War II.

The use of steel in the construction of vessels was in full
swing by the end of the eighteen eighties. A few of the earlier
steel framed vessels were sheathed with lumber, an effort that
sought to utilize the particular values of both materials.

One of the most unique developments in vessel design was
that of the so-called whalebacks or pig boats. They were used
for the movement of bulk cargo. Designed and built by Cap.
Alexander McDougall, these iron vessels resembled floating
cigars. The theory behind the design was that waves would roll
over the top of the cylindrical hull, and especially when loaded
and riding low in the water. A large fleet of these vessels was
built between 1888 and 1897. Several of them even saw ocean

Columbus. She was originally built in connection with the
Columbian Exposition which was held in Chicago, but went on to
serve for many years as a most efficient excursion vessel. In
later years whalebacks were converted to a tanker and an
automobile carrier. The last of them was finally removed from
service as late as the mid nineteen sixties. Although the design
proved to have certain limitations, all in all these odd looking
vessels proved to be real work horses.

As the twentieth century appeared on the horizon of history,
the largest bulk vessels then being built were about 500' long.
Only six years later the first 600' vessels appeared. With some
continued growth in breadth and depth, these vessels became a
basic or standard type for almost thirty years. As time went on,
technological improvements in engines, boilers and structural
design continued at a steady pace. Larger hatches, improved
hatch covers, and shipboard cranes to handle them, contributed to
greater efficiency in the loading and unloading of bulk cargoes.
The development of new and unusual types of loading and unloading
equipment added even more to the efficiency of ore handling.
These improvements made Great Lakes bulk vessels among the
world's most efficient freight carriers. Electronic vessel
navigation equipment was in widespread use on lake vessels while
it was still regarded as an unnecessary novelty by most ocean
fleet owners and operators.

By the end of World War II, the newest vessels were about
620' in length, although they had swelled to about 70' in breadth
or beam. The dimensions of vessels were determined by several
factors. One was the limiting dimensions of the locks at several
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locations on the lakes, plus the parallel limitation of channel
depths. The other major factor was the spacing of loading chutes
for handling the cargo. With the completion of the present St.
Lawrence Seaway in 1959, channels were dredged where necessary to
a minimum depth of 27'. The new St. Lawrence locks were built to
permit the transit of vessels up to 730' in length, and 75' in
breadth. This change in restricting dimensions led to rapid
development of a large fleet of new vessels built to take full
advantage of the deeper channels and larger locks.

With the completion of the new super-sized Poe Lock at Sault
Ste ~ Marie a short time later, a still newer and larger class of
vessel appeared on the scene. These monsters measured 1,000' in
length and 10'' in breadth. While still limited by the 27' depth
of the channels in some ports and restricted areas, this new
class of vessel is so much larger, that virtually all former
shore side facilities are out dated and unable to serve this
class. Over a period of a few years, these vessels gradually
stretched out in length until the William J. DeLance of 1981
which measured 1,013' in length. At the present time there are
thirteen vessels of this class. As vessel dimensions increased
over recent years, hulls became more boxlike which, in turn,
yielded a still greater cargo capacity. Unfortunately, these
"super" carriers are so large that they can not pass below Lake
Erie because of the limiting dimensions of the Welland Canal.
Similarly, these vessels are also restricted to a relatively
small number of ports adequate for their needs. Thus, for the
most part, these huge carriers sail on a few specific runs over
and over again.

Recent years have also seen the lengthening or "jumboizing"
of a number of other relatively young vessels to take advantage
of presently existing lock capacity at Sault Ste. Marie. All of
the "jumbozied" vessels, as well as the new super class vessels,
are self-unloaders which, as the name suggests, are not dependant
upon shore machinery for the discharge of their cargoes.

As the years have gone by, other types of vessels have come
and gone from the lake scene. At the present time, apart from a
few remaining ferries and excursion boats, there is no regularly
scheduled passenger service on the lakes. At one time there was
a large fleet of cruise ships on the lakes, as well as an even
larger number of combination passenger � package freight vessels
that provided point to point service on regular schedules.

A few specialized rail car ferries still operate on Lake
Michigan, although this limited activity is a far cry from the
large number of such vessels that were in operation as recently
as a generation ago.

Petroleum and chemical tankers have long been a part of the
vessel scene on the lakes. But with the expansion of the
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petroleum pipeline network serving the mid-continent region, the
number of tankers formerly engaged in such service has been
substantially reduced in the last few years.

Another specialized cargo is that of cement. Most of the
vessels in this trade began life as standard bulk carriers. In
order to handle cement, hatches and holds have been rebuilt in
order to facilitate the use of pneumatic unloading equipment.

The movement of crushed limestone has been a major cargo
that has grown with the development of the steel industry. For
many years limestone has been moved by self-unloading vessels
that run from the quarries to the steel mills, or to rail heads
leading to the mills.

Historically, coal has been one of the major lake cargoes.
For many years coal served as an upbound cargo that balanced, in
part, the flow of iron ore downbound. With the drop in the
demand for coal for railroad and heating use, this cargo was
significantly reduced. During the past few years, however, the
movement of coal has picked up once again. Several Canadian
fleets pick up coal at Ohio ports and deliver it by way of the
Seaway to the lower St. Lawrence where it is transferred directly
into ocean vessels for overseas delivery. Another recent
development is the delivery of western coal from the lakehead to
shoreside power plants located on the lower lakes and rivers. In
recent years coal has moved across the lakes entirely in self-
unloading vessels'

But of all of the cargoes moved on the lakes and Seaway
today, the movement of grain is next only to iron ore in tonnage.
Much of this grain moves downbound in standard bulk carriers of
seaway size. Some of it also leaves the lakes in ocean vessels
as well. A considerable part of this grain comes from the
western provinces of Canada, plus from the mid-west of the United
States.

Barges and scows towed or pushed by tugs move numerous
cargoes from port to port. With the gradually increasing costs
of vessel labor, a considerable amount of experimentation has
gone on in recent years in an effort to handle more cargoes by
this means. A tug � barge  or barges! can operate with a much
smaller crew than a standard lake vessel, thus leading to a
considerable saving.

With the opening of the St. Lawrence Seaway in 1959, it
became possible for large ocean type vessels to enter the Great
Lakes. Thus, today, the lakes play host to hundreds of these
"salties" each year. These ships represent many different vessel
types, and carry almost any imaginable kind of cargo in and out
of the lakes region. Regrettably, this part of the lake shipping
industry is being restricted at the present time by extremely
high toll charges for the use of the Seaway locks and channels,
as well as by the limitation of a short shipping season.
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Ocean traffic in and out of the lakes did not begin with the
present Seaway. Rather, through traffic from the lakes to the
sea began with the opening of the first Welland Canal in l848.
Ocean to lake commerce grew slowly, but with each enlargement of
locks and deepening of canals and channels, the volume of tonnage
moved upward. The present. Seaway makes it possible for much
larger ocean vessels to enter and leave the lakes than was
previously possible.

The development of vessels on the Great Lakes and their
connecting waterways has, over the years, in a very real sense,
been a reflection of the state of development of the economies of
both Canada and the United States. New vessel types were
developed to meet new needs. And these, in turn, were modified
or even replaced by the needs of each new day. So it has been in
the past, and so it still is today. And if the lessons of the
past have any meaning, so it will continue to be in the future.
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THE GEOLOGICAL SETTING tF THE GREAT LAKES

Jane L. Forsyth
Bowling Green University

some of the largest and most beautiful freshwater
They are also scientifically very interesting, and
for they d id not even exis t during preglac ial time,
ago ~

The Great Lakes are
bod ies in the world ~
geo log ical ly very young,
less than a million years

During the many hundreds of millions of years that preceded the
P le is toe eae Ic e Ages, the p resent loca t ioas of the lakes were occupied by
rivers, the Laurentian River system, that drained generally toward the north-
east, with a tributary in the Lake Erie basin called the Erigaa River  see
map! ~ These rivers all followed low valleys they hsd made by eroding deeply
down into belts of weak sed imentary rocks  mainly Devonian shales! ~ When the
P leis tocene g lac iers advanced southward out of Canada, they blocked and
destroyed these ancient rivers, and gouged their valleys deeper aad wider, thus
creating the b as ins of the modern Great Lakes ~ The ice cut deepes t where it
was thickest, farther to the north. As a result, the basins of the northern
Great Lakes are especially deep, with their bottoms fsr below modern sea level,
while the southernmost lake, Lake Erie, averages only about 100 feet deep
overall, and less than 30 feet deep in its shallow southwestern basin.

About mid~ay through the Paleozoic Era, the nature of the sediments
changed ~ Mud, and later sand, began washing into the sea. The rmd represented
fine-grained sediments eroded from a rising land mass on the eastern shore of
this ocean, and the change from mud to saad reflected the increase ia height
aad s teepness of this rising land. As uplift of this laad continued, it'
apparently also raised up ad jaceat lands, inc iud iag Ohio and its neighbor ing
states and provinces, allowing the sea waters to drain away, resulting in the
depos ition of river sands and dead trees, which changed through time into
sandstone and coal. The rising land to the east culminated in the formation of
tower ing Himalaya- like moun tains, the original Appalachian Mountains   the
present Appalachians are jus t the eroded roots of those aac ient high, impres-
s ive orig ina1 mountains 1 ! .

Many rivers developed on the slopes of these ris ing mountains, erod ing
them. Of these r ivers, the main one f lowing wes tward, through this area, was
the Teays, which f o1 lowed a course ac ross Wes t Virg inia, Ohio Ind iana, and
I 1 liaois t o join a very small preg lac ial Mississippi River. Drainage in the
form of the Laurentian/Erigan River system also came eastward from some
moderately high land to the northwest, creating the lowlands destined to become
the basins of the future Great Lakes. Together the erosion of these preglacial
rivers formed the modern bedrock landscape of this area.
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The geologic setting of these lake/river basins began far earlier, with
the formation of the bedrock in which these basins occur. All of this bedrock
is sed imeatary rock of Paleozoic age   roughly 200 to 600 mil lion years old!,
deposited initially as sed iments in a shallow intermittent sea. At first, the
only s ed iments were limy p rec ip i tates, ace umu lated very slowly from the c lear
waters of these seas, lime that was subsequently recrystal lized into layers of
limestone and dolomite  the magnesium-bearing form of limestone! ~



Map showing generalized distribution of major geologic features
related to the geolog.ic setting of the Great Lakes.
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Spec ia 1 pat terns of ridges and lowlands were formed by this erosion,
because the sedimentary rocks eroded by these streams were not entirely flat-
lying. They had been bent into a series of very shallow, broad structural
basins separated by very low, elongate structural rises, or arches  these
terms, "b as ins" and "arc hes"   an tie 1 ines�! re late to internal e true turel
patterns of the rock layers and not to landscape features! ~ The main structu-
ral basins in this area were Michigan Basin  note diagnostic circular patterns
of eroded bedrock in lower Michigan on included map!, the  southern! Illinois
Bas in, and the Appalachian Bas in   in sou these tern Ohio, wes tern Pennsylvania,
and Wes t Virg inia! . In these areas where the rock layers were bent gently
downward, erosion cut much less deeply down through the sequence of Paleozoic
rock layers, so that the younger, coal-bearing Pennsylvanian rocks were
generally preserved at the surface. In contrast, the low arches  with very
gentle slopes on either side, slopes of less than one degree! bent the rock
layers upwards, so that eros ion could cut deeper into the sequence of rock
layers, completely removing the younger layers and exposing the older  Ordovi-
cian and Silurian! rocks  eee map!. The main arch here ie the one whose crest
extends northmorthesstward through Cine innati> the Cine innati Arch. In west�
central Ohio, this arch d ivides, forming the nor these t-trend ing Kankakee Arch
in northern Iud ianan and Illinois  see map! .

The dep th of the eros ion ace omp 1ished by these streams was af fee ted not
only by the loc ation of the rocks relat ive to these s true tura1 has ine and
arches, but a lso by the e rod ab i 1 i ty o f the rocks themse ives ~ Some o f the
sed imentary rocks, like sandstone or solid limestone or dolomite, are more
resistant to erosion than other rocks and, when erosion takes place, they tend
to make ridges or hills. Where weak, nonresistant rocks occur at the surface,
on the o ther hand, lowlands are c rested, suc h ae the low r iver va 1 leys tha t
would ultimately become the basins of the Great Lakes ~

North of most of the Great Lakes  and all around Lake Superior! is a
highland o f muc h o lder  Precambrian! igneous and me t amorph ic rocks. These
rocks underlie the younger Paleozoic sedimentary in the south, forming the so-
called Pre&ambrian "basement" rocks there, and rise nearer the surface north-
wards until they occur at the surface, forming a broad Pre&ambrian upland not
only around the northern Great Lakes but throughout most of Canada  the so-
c alled Canad ian Shie ld ! ~ These igneous and metamorphic rocks are the most
resistant rocks of all, so the land in the area where these rocks occur is
especially high and hilly. Even so, these rocks also have belts of greater and
less resistance, so that erosion  f irst by streams and late by glac iers! has
still cut a little deeper along belts of somewhat weaker rock  e.g. the Lake
Superior b as in! ~

Most famous of the resis tant sed imentary rocks in the lower Great Lakes
area is a S i lur ian dolomite of Niagaraa age  about 400 million years o ld!
called the Lockport Dolomite. It is this resistant rock that created Niagara
Falls in Nev York, the line of rocky islands separating Georgian Bay from Lake
Huron, an eastwest ridge on the Upper Peninsula of Michigan, and the Garden
and Door Green Bay Peninsu las on the west s ide of Lake Michigan   see map! ~
Other eomevhat lese resistant rock layers in Ohio form low ridges which extend
out into Lake Erie and form belts of islands there, while a much stronger ridge
on the very res is tant Appalachian sands tones  of Mississippian and late
Devonian age! forms the impressive edge of the Appalachian Plateaus southeast
of Lakes Erie and On ter io.
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Lowlands on either side of the Niagaran Dolomite ridge were created by the
eros ion o f nonres is tant sed imentary rocks . Sos t extensive of these lowlands
are those that were occupied by the Lsurentian/Erigan river system, lowlands
c u t general ly into weak Devonian aha les   see map! and d es tined to bee ome,
following g lac ial erosion, the basins of the Great Lakes. Lowlands also occur
a long the ou tc rops of weak Ordovic ian shales, lowlands that now contain
Georgian Bay, Green Bay, and the bay west of the Garden Peninsula  see map! .

With the advance of the earliest of the several Pleistocene glaciers,
about a million years ago, the preglacial valleys in the Great Lakes area began
to be widened and deepened by glacial erosion, though the deepest erosion was
done by the last  Wisconsinan! g lac ier because of its greater thickness in
bas ins already deepened by earlier advances. The ice also lef t a complex of
g lac ial depos i.ts > composed of either glacial till or meltwater&epos ited
gravel, both on the land and on the lake bottoms. Deposits made of glacial
t i 1 1 inc iud e ground moraine   till spread generally uniformly, mak ing flat
land!, end moraine  till piled up in a belt of irregular hills along the edge,
or end, of the glac ier!, and drumlins  elongate streamlined hills in localized
concentrations down-glacier from lake basins! ~ Gravel deposits include kames
  gravel accumulated in holes in the g lac ier!, eskers  narrow wind ing f i 1 lings
of ice tunnels!, and outwash  flat-topped deposits washed beyond the glacial
margin! .

As the ice slowly retreated, exposing sections of the Great Lakes basins,
many d if ferent levels of iceMammed lakes developed in those basins, the
e leva t ions o f the lakes being d e termined b y the e leva t iona of their out lets� .
As the g lac ial marg in alternately retreated and readvanced, expos ing or re-
covering different potential outlets, the lowest available ice-free outlet for
each lake basin varied, resulting in many d if ferent lakes levels in each of the
Great Lakes basins. More than a dozen different lake levels are recognized in
the Erie b as in a lone  o f whic h the maj or ones are Lake Maumee at 780, Lake
Whit tlesey at 735, and Lake Warren at 690-675 !, and similar complex histories
are known for the ice&ammed lakes occurring in the other Great Lakes basins.
 There was undoub ted ly a similar complex series of ice&ammed lakes following
the retreat of each earlier Pleistocene glacier, but no clear record of these
many earl ier lakes remains ~ !

Elevations on the beaches of these ice&ammed lakes in Ohio do not change
across the state, but wherever these beaches are traced farther north, they
rise in elevation. This is because these beaches are tilted upward toward the
north, because the land, which had been weighed down by the thicker glacial ice
farther north, has risen since the ice melted away. In Ohio, the ice was never
thick enough to have affected the land in this way,

As the ice c on tinued to retreat, msj or changes in lake d rainage took
place. In the Erie basin, when the glacier finally retreated far enough north
to allow the impounded waters to d rain eastward, the ou t flow of lake waters
must have been c at as trophic, creating a tremendous f lood   or possib ly f loods!
eastward across New York and down the Mohawk valley ~ Similar floods must later
have also occurred from ice&ammed lakes in the Lake Ontario basin. The lower
end of the Mohawk vs 1 ley is f i 1 led with the kind o f thick, coarse, poor ly
sorted deposits that such floods would generate. Farther north, with continued
retreat of the ice, drainage from the upper Great Lakes for a time bypassed
Lake Erie entire Ly, and drained eastward by one or more northern routes.
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However, these outlets were short-lived, as isostatic uplift of the deglaciated
land to the north allowed the land there to rise, d iverting the flow of the
upper Great Lakes once more back to the south, by its present route, and the
modern Great Lakes were born.
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CQlSTAL PNCESSES  MITH AN EMPHASIS ON SHORE EROSION!
ON THE CREkT LAKES

Charles Carter

University of Akron

Introduc t ion

The coas ta 1 zone, on both the Great Lakes and the oceans, is the dynamic
interface between the waves and the land. On the Great Lakes this is the zone
that can change from tranquil to turbulent in a matter of hours  if not
minu tee !, and the zone for which maj or his tor ic changes can b e documented .
Moreover this is a zone of c rue ia l impor tanc e to p cop le in that major issues
related to elec t r ic a 1 power, cammerc is 1 navigation, rec reation, shoreline
d eve lopment, and the environment have a focus . Almos t without exc ept ion, the
natural physical processes that take place in this zone have a profound ef fec t
on these activities and systems.

In this paper I will discuss the overall physical setting  because of the
marked effect that the nature of the shore material has on coastal proceseee!
and the physical processes  with an emphasis on shore erosion!.

Phys ic a 1 Se t t ing

The lakeshore deposits consist largely of rock, c lay, sand, and wetlands
 Fig. 1!. The rock is exposed along the north shores of Lake Superior and Lake
Huron  Georgian Bay and North Channel! and at scattered locations on the other
lakes. The rack along Superior end Huron is part of a vast complex of erosion-
res is tant igneous and me tamorphic rocks known as the Caned ian shield, whereas
the rocks exposed along the lakeehoree to the south cans is t of less-res is tant
Paleozoic sedimentary rocks ~ The clay, with intervening stretches of rock,
sand, and wetlands, is exposed along most of the remainder of the shore ~ For
the mos t per t it was deposited by or in association with the Pleistocene
glee iere and glee ierMammed lakes ~ The c lay is lees resistant to erosion than
the rock, but more resistant to erosion than the sand, which is related for the
most part to glacial and post glacial processes, and which occurs largely along
the eastern shore of Lake Michigan. The wetlands occur commonly along Green
Bay off Lake Michigan, along Saginaw Bay of f Lake Huron, and at the west end of
Lake Erie. The wetlands may be associated with narrow strips of sand known as
barrier beaches. The relief  the elevation of the share deposits above the
lake! of the lakeshore ranges from essentially zero along the wetland shores ta
nearly 800 feet along Lake Superior s north shore. The beaches, which are so
important as a barrier ta wave erosion, are as variable as the relief, and the
nature of the shore deposits ~ For example, wide, sandy beaches characterize
the eastern shore of Lake Michigan; narrow, discontinuous beaches characterize
the south shore of Lake Erie; and pocket, cobble beaches characterize the north
shore of Lake Superior. In general, the nearshare slopes  the submerged
surface lakeward of the beaches! are gentle with slopes of no more than a few
degrees.
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PHYSICAL PROCESSES

Water Levels

Water levels are of singular importance on the Great Lakes for almost all
coastal zone processes- However, in contrast to oceanic water levels ~ the mean
annual levels  long term fluctuations! of the lakes show marked fluctuations
that have major effects on the coastal zone and on coastal zone interests and
environments. Moreover, in contrast to oceanic coasts that commonly experience
pred ic tab le daily tides of a few feet in amplitude, the long term fluctuations
on the Great Lakes take place over a period of a few to several years and are
at present unpred ic tab le. Or at leas t no more p red ic tab le than the weather,
which is the cause of the fluctuations. In addition to the long term fluctua-
tions are the seasonal fluctuations that have a yearly range of about one foot,
and the short term, storm related fluctuations that can raise an area of a lake
a few feet in several hours.

The long term lake level fluctuations can for the most part be tied into
the amount of prec ipitation that falls on the Great Lakes Bas in. If there is
above normal prec ipitation the levels of the lakes rise and if there is below
normal prec ipitat ion the levels of the lakes fall. Evaporation helps accent-
uate these fluctuations because evaporation rates are generally smaller during
periods of above normal precipitation whereas evaporation rates are generally
greater during periods of below normal precipitation ~ The level of Lake Erie
is a good example of this with the dramatic fall during the midwestern drought
of the mid-1930 s, and the gradual, yet persistent, rise in the late 1960 s and
early 1970 s  Fig. 2! .

The seasonal fluctuations, which have a range of about one foot, reflect
the shorter term variability of the weathers The summer highs reflect above
normal precipitation and runoff in the spring and the winter lows reflect below
normal precipitation  and greater evaporation! and runoff in the fall  Fig. 3! .

The short term fluctuations are due to storm surges, atmospheric pressure
changes  " jumps" !, and seiches. The surges are the most signif icant in terms
of coastal proc esses because of their height, duration, and assoc iation with
large, wind driven waves. In essence, wind stress across the lake surface
causes mass transport of the lake water; this transport causes a rise in lake
level along the lake shore ~ The lake level rise is eventually compensated by a
return flow to the other side of the lake basin that constitutes a seiche, a
free oscillation of the lake s surface. Storm surges are much greater on Lake
Erie in comp sr ison to the other lakes bee ause of Lake Erie's orientation and
shallow depth. A Lake Erie storm surge and subsequent seiche are shown on
Figure 4 ~

Waves and Sediment Transport

Wind-driven waves-not the swell characteristic of certain ocean coasts-
provide the dynamic element to Great Lakes coasts. The winds are generated by
both high and low pressure systems traversing the Great Lakes region in a
roughly west to east direction ~ Deep water waves on the lakes have been
est ima ted and b inde as t to reac h abou t 20 feet in height, however, onc e these
waves reach the shallow coastal slopes their energy is lost to friction and
breaking, and for the most part the storm waves that reach the shore are no
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more than three to s ix feet in height ~ For tunately for the peop le that live
along the shore most of the Great Lakes wind storms occur from the late fall to
the early spring when lake levels are lowes t and when lake and/or shore fas t
ice are present to res tric t the formation of waves or keep the waves from
reaching the shore  Fig. 5!.

The waves, aside from shore erosion, transport appreciable quantities of
sand along the shores' Sand accumulation measurements made at harbor jetties
ind ic ate up to 100 000 cub ic yards of sand per year can be transported and
deposited adjacent to harbor struc tures on the Great Lakes. Naturally the sand
is not in continual motion because winds are not constantly blowing onshore nor
is the sand moved in just one d iree tion because the winds blow onshore from
d if f eren t d iree t iona. For example, on Lake Erie, even at exposed loca tions
such as Cleveland, and Erie, Pennsylvania, the lake surface is characterized by
calm cord itions or by waves less than a half a foot in height about 80K of the
time. Nonetheless, there is usually a preferred  net! direction toward which
sand is episod ically moved. Furthermore, because of the importance of sand as
a bu f fer be tween lake waves and the land, and as a r ec r eat iona 1 resource a
knowledge of the direction and quantity of sand transport  " longshore drift"!
is s igni f ic ant ~

Shore Erosion

The waves that reach the share erode the shore. The higher the lake, the
closer waves break to the shore  because of deeper water!, and the greater the
amount of wave energy that reaches the shore  Fig. 6!. Naturally, the greater
the wave energy reaching the shore, the greater the shore erosion.

Waves erode the shore in different ways. They erode the shore by the
force created by impact, by the force created by the compression of air and/or
water into cavities and fractures, and by simply abrading  sand blasting! the
shore with sand picked up by the waves on the beach. For a given lakeshore
setting the nature of the shore material has a major effect on the erosion
rate. For example, erosion rates are usually less than 1 foot/year for rock,
2 � 3 feet/year for clay, and higher but quite variable for sand ~ The rates are
nonlinear and are closely tied into lake level. For example, at a low lake
level there may be little if any shore erosion because the storm waves break
far offshore and whatever wave energy reaches the beach is easily damped before
it reaches the shore. On the other hand, at a high lake level even small waves
can reach a shore with a narrow  probably submerged! beach  Fig. 7!. At high
lake levels eros ion rates can be several times the long term rate; in fact,
there may well be a threshold level at which t ime eros ion vill take place
practically everywhere alang a lakeshore if there is insufficient beach width
to protect the shore from waves.

The tae of the lakeshore slope or bluff is crucial to the erosion process.
The crucial nature of this area in the wave erosion zone can be illustrated in
terms of an erosion cycle that is applicable to the Great Lakes shores with the
exc ep tian of the shore made up of barr ier is lands and we t lands  F ig. 8! . The
cyc le can take p lac e in a year or may take p lac e ove r a period o f several
years. The princ ip le is this;  l! during s high lake level waves erode the toe
of the slope creating an unstable slope  this process may take place over a few
weeks!; �! s lope failure  mass was ting! takes p lace in the form of rock/c lay
falls, slumps, slides, or debris flows, and �! subsequent erosion  usually at
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8. The Erosional Cycle.
 A! Erosion at the slope toe during high lake level.
 B! Slope failure.
 C! Erosion of the debris deposited by the slolm failure

and renewed erosice at the slope toe.



a high lake level!, of the toe of the slopes allows the waves once again to
create another unstable slope. The erosion cycle illustrates the significance
of lake level  or on the oceanic coasts, sea level! to shore erosion. For if
the mass wasted debris at the toe of the slope were allowed to accumulate, the
s lope would eventual ly r each a stable angle of repose with downslope movement
then res tr ic ted to the relat ive ly s low s lope proc es s o f c reep ~ However, i f
there is wave erosion of the mass wasted debris as there is along much of the
Great Lake shores, the slope never reaches equilibrium and erosion persists.
In human terms the overall shore erosion prob lem is harder to compreherd
because of the long term fluctuations in lake level. For example, a person may
buy a house along the lakeshore at a low lake level, i ~ e- at a time when there
is a relatively wide beach and when mass was ted debris commonly covered by
veg e tat ion has accumulated at the toe of the slope g iving a semb lance of
stab i 1 ity. But with the return of a high lake level, the beach is partially
 if not wholly! submerged and waves then erode the mass wasted debris to the
surp r ise of the shore land owner. Eventually the mass was ted debris is removed
and erosion of the "in-place" shore continues the cycle.

People, as they have done in so many other natural systems, have had a
major impact on shore processes, particularly shore erosion. Human effects on
erosion along the Great Lakes shore can be looked at in two ways: the effect of
the harbor structures, and the effect of the shore protection structures. The
harbor structures that have hsd the most effect are the jetties that were built
to keep the r iver mou th harbors free o f sed imen t. These s true tures b lock
and/or divert the longshore transport of sard and in so doing usually deprive
the downdrift beach of sand. Naturally, this leads to a wider beach  and thus
more protected shore! along the updrift shore, but a narrower beach  and thus a
less protected shore! along the downdrift shore. Unfortunately the length of
shore affected by the loss of sand is generally several times the length of the
shore af fee ted by the gain of sand ~ The Fairport Harbor area  Grand River!
along the south shore of Lake Erie is an excellent example of the effect of the
harbor structures. The jetties that were first constructed in the mid-1820 s,
and subsequently lengthened, have trapped apprec iable quantities of sand from
the net west to east longshore transport system. This has resulted in a build-
up of sand into the lake ad j ac ent to the west jet ties of more than 2000 feet
and shore protection in the form of a wide beach for about one mile to the west
 F ig. 9! . On the other hand, there has been a tremendous loss of sard in the
beaches at least for 4 miles to the east of the jetties that has led to
accelerated erosion along this shore  F ig. 10! ~ Naturally if the setting and
processes are different, the effects will be different, but overall the jetties
have had a major effect on sand transport and thus on the distribution of sand
along the Great Lakes shores. And, almost without saying, a major ef fec t on
erosion rates.

The shore protection structures that have had the most effect are the
groins, and the seawalls- Groins act as small jetties in. that they block
and /or divert the longshore transport of sand and in so doing lead to the
formation of a wider beach on one side of the structure, which is the basic
purpose of a groin, but again, a narrower beach on the other side of the
s true tu re  F ig . 11 ! . There fore, there are the small s true tures  gro ins!
af fec ting the longshore transport of sand in much the same way as the similar
large structures  jetties! . Moreover, the apparent necessity for the construc-
tion of the groins has been created in many instances by the jetties that have
c on t r ibu ted to nar rower be ac hes and thus the need for shore pro tee t ion.
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11. Chagres causecf by a groin  from C. Carter and D. Guy, Jr�
Ohio Cvocal Survey Rpt. Inv. 115!.

12. Chmges caused by a seawall.
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Seawalls, an the other hand, armor the shore and thus make it more resistant to
wave attack. However, erosion takes place at the base of the structures by the
downward deflection of wave energy. This leads to greater energy reaching the
shore  deeper water! as well as accelerated sand transport along the shore
 Fig ~ 12! ~ And, probably more importantly, because the shore is the principal
source of the beach sand, the seawa1 la by armor ing the shore and reducing
eros ion rates, reduce the amount of sand enter ing the sys tern. This leads to
narrower beaches and consequently higher erosian rates. Moreover, with both
g ra ins and seawa 11s the distribution of sand along the shore is becoming
increasingly nonuniform and with larger numbers af s truc tures the distribution
will become even more sporadic.

What about the future of the Great Lakes coastal zones in terms of human
development7 The stretches fronted mostly by manmade shore protec tion struc-
tures will lose their beaches as a diminished sand supply coupled with acceler-
ated longshore sand transport will erode sand from the beaches. On the other
hand, the stretches that lack manmade structures will continue to have. beaches
as shore eros ion will provide sand to rep lenish the sand moved along the shore
by longshore currents. However, if manmade struc tures are built along the
shore there wi 1 1 be less sand entering the sys tern f rom erosion and the beaches
will narrow.
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REBIRTH OF LAKE ERIE:

Recovering from Phosphorus Enrichment

Charles E. Herdendorf
Center for Lake Erie Area Research

The Ohio State University

Lake Er ie, as one of the Great Lakes of North America,
represents a significant source of freshwater for the people of
the United States and Canada. Lake Erie is the shallowest and
southernmost, and even prior to settlement it was furthest along
in the natural process of eutrophication. In the early 1800s
human activities began accelerating this process, until by the
middle of this century the lake had aged alarmingly. The early
settlers drained the vast coastal wetlands and stripped away the
natural protective cover from the rich uplands. Lake Erie's
tributaries then carried high amounts of sediment to the lake,
silting over fish spawning reefs in the shallow western basin.
Industry then followed agriculture along the banks of the lakes'
main tributaries: Detroit, Haumee, and Cuyahoga Rivers giving
rise to the large cities of Detroit, Toledo, Cleveland, and
Buffalo. Industry and increased populations, along with the use
of artificial fertilizers on farm lands, brought nutrients,
primarily nitrate and phosphates, that hurried the lake's aging
process.

The nitrate and phosphate pollution fed the algae, causing
blooms of blue-green slime that blanketed most of the western
basin and large reaches of the central basin's south shore in the
early 1960s. As the algae spread, it consumed the bottom oxygen
needed to support other forms of aquatic life. By 1970, large
portions of the central basin's hypolimnion were anoxic, being
totally depleted of oxygen in the late summer months. At this
time many of the swimming beaches along the lake were closed
because of high coliform counts from sewage discharges, or were
not used because of objectionable algal debris.

During the latter 1960s, remedial actions were planned and
by the late 1970s, many of these plans were at least partially
implemented. In the early 1980s the first signs of lake recovery
were observed. Today, the area of summer anoxia is reduced
significantly from that of the early 1970s, the concentration of
dissolved solids is down to 1950s values, and production of
prized fish species  such as walleye! is at a record high.

Phos horus in Lake Erie

Cultural eutrophication of' Lake Erie is being combated by
programs to decrease phosphorus loading from all sources. This
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is the principal focus of lake restoration efforts. Remedial
programs for reducing phosphorus loadings from municipal
wastewater treatment plants  NWTP! in the Lake Erie Basin have
resulted in a substantial decrease in phosphorus loading to the
lake. Since ']982, the average loading objective of 1.0 mg/1 for
all major HWTP has been met, but several individual MWTP exceed
the target value. It should be noted that, the average loading
objective of 1.0 mg/1 applies to major wastewater treatment
plants only  i.e., those plants discharging one million gallons
per day or more!. For example, the flow-weighted average
phosphorus concentration of minor wastewater treatment plants in
Ohio is still approximately 4.0 mg/1.

The 1978 Great Lakes Water Quality Agreement between Canada
and the United States contains the basic requirement to reduce
the phosphorus concentrations in municipal discharges to 1.0 mg/1
in all the Great Lakes Basin. It also calls for other programs
or additional requirements needed to reduce point and nonpoint
sources in order to achieve target loads of 11,000 metric
tonnes/year for Lake Erie  a reduction to this level is expected
to eliminate anoxic conditions in the central basin hypolimnion!.
However, if all municipal treatment plants in the Lake Erie Basin
were discharging phosphorus at 1,0 mg/1, the total phosphorus
load to the lake would still be 13,000 tonnes/year. Thus, in
order to achieve the target load of 11,000 tonnes/year a further
reduction of 2,000 tonnes/year from other sources is required.

Total phosphorus loading to Lake Erie from all external
sources has declined from a peak of 28,000 tonnes in 1968 to
12,400 tonnes in 1982. This represents a 56$ decline over the
15-year period. The Detroit River, which supplies about 90% of
the inflowing water to Lake Erie, has shown a remarkable
improvement; phosphorus load ings decreased 60$ from 197 1 to 1980!
primarily as a result of improvements to the Detroit wastewater
treatment plant.

In the early 1970s, the concentration of phosphorus in
influent wastewater to municipal treatment plants averaged about
10 mg/1 within the Lake Erie drainage basin and the mean effluent
concentration was approximately 7 mg/1. By 1980, many plants had
installed phosphorus removal systems which resulted in an average
effluent concentration of 1.6 mg/1 for all Ohio plants and
concentrations as low as 0.6 mg/l for the Detroit sewage
treatment plant in 1982. Likewise, municipal loading of
phosphorus to Lake Erie has declined from over 15,000 tonnes in
1972 to about 2500 tonnes in 1983, a reduction of over 83%.

In 1972, the volume-weighted average phosphorus
concentrations of wastewater treatment plant effluent to Lake
Erie was about 5.7 mg/l. By 1982, this had fallen to slightly
below the target concentration of 1.0 mg/1. However, the
International Joint Commission  IJC! recommends that special
efforts be initiated to ensure that the 6 Lake Erie treatment,
plants which have not achieved the target are brought into
compliance.
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In 198 'I, about hal f of the 40 ma jor wastewater treatment
plant,s in the Great Lakes Basin did not meet phosphorus effluent
requirements of 1.0 mg/l. By 1984! only 25'$ exceeded the limit.
Unfortunately, 6 of 10 violators are in the Lake Erie Basin: �!
Wyandotte, MI, �! Toledo, OH, �! Akron, OH, �! Cleveland
Westerly, OH, �! Euclid, OH, and �! Erie, PA.

Phosphorus concentrations in the open waters of Lake Erie
are highly variable and have not decreased in a fashion
comparable to reductions in phosphorus loadings, except along the
north shore of the western basin. Here, in response to reduced
loadings from the Detroit River, concentration of phosphorus in
Ontario waters decreased approximately 40% in the ten-year period
from 1970 to 1979. Similarly, in the 15-year period from 1968 to
1982, the annual mean phosphorus concentrat,ions in the central
basin epilimnion have fallen from 21.3 to 12.0 ug/1 �4$
decline!. Elsewhere phosphorus released from sediments through
wave resuspension and anoxic regeneration keep levels high.

All of the Great Lakes jurisdictions, with the exception of
Ohio and Pennsylvania, have enacted legislation to control the
amount of phosphorus permitted in household detergents. The IJC
recommends that these states consider the implementation of
detergent phosphorus limitations as a component of their
phosphorus management strategies for the Great Lakes.

Agricultural cropland phosphorus is estimated to account for
65$ of the phosphorus entering Lake Erie. To achieve t,he target
loading of 11,000 tonnes/year, Ohio's portion of the goal is a
reduction of 1,385 tonnes, of which about 900 tonnes is assigned
to cropland phosphorus reduction, Hany agencies are currently
involved in programs that are attempting to reduce loads through
comprehensive land treatment, residue management, fertilizer
management and livestock wast.e management. Although these
programs are resulting in steady increases in conservation
tillage acreage and increased knowledge of fertilizer management,
they will not be enough to meet the target load reduct,ion.
Current estimates indicate that conservation tillage increases
will result, in a phosphorus reduction of 7 1 tonnes by 1988.
Existing erosion and animal waste control programs  other than
cropland management! will reduce phosphorus loads by another 120
tonnes. Because only 14'$ of the goa1 cari be achieved using
existing erosion control and water quality protection programs,
the vast majority of the reduction must be met with new programs
and funding. The Ohio Environmental Protection Agency estimates
that nearly 2,000,000 acres of cropland must utilize conservation
tillage to meet the phosphorus goal.

Dissolved Substances in Lake Erie

Dissolved solids records for the period 1900 to 1960 in
nearshore waters of central Lake Erie show dramatic increases in
conductivity, chloride, calcium, sulfate, and sodium plus
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potassium. From 1966 to 1980 conductivity values indicate a
decline in the total amount of dissolved substances in central
Lake Erie, failing approximately 8$ during this period. Chloride
shows a more dramatic improvement, dropping about 26% from a
concentration of 25.0 mg/l in 1966 to 18.4 mg/1 in 1979. Much of
this decline can be attributed to elimination of waste brine
pollution from the Grand River near Painesville, Ohio, in the
early 1970s. In the eastern basin, Presque Isle Bay at Erie,
Pennsylvania, has experienced a marked decrease in alkalinity
 largely bicarbonate ions!, falling from 96 ppm in 1945 to 87 ppm
in 1978. Other conservative ions  e.g. calcium, sodium, and
sulfate! have ceased to increase in the lake and have remained
relatively stable over the past decade.

Nitrogen is the only major dissolved constituent in the
waters of Lake Erie which has shown a dramatic increase in the
past decade. Increased use of chemical fertilizers and gaseous
emissions of nitrogen compounds within the lake's drainage basin
are major causes. Combined nitrate and nitrite loading from the
Detroit River more than doubled in the period 1967 to 1979.

Dissolved Ox en in Lake Erie

The central basin hypolimnion has suffered seasonal anoxic
conditions for at least 40 years. Taking into account natural
variability in oxygen depletion rates due to meteorological
factors, the highest oxygen depletion rates occurred during the
1960s and 1970s when Lake Erie was at the height of cultural
eutrophication, exhibiting the highest phosphorus concentrations
and algal biomass. From 1980 through 1984 oxygen depletion rates
have decreased and are less variable.

In the central basin of Lake Erie, the rate of hypolimnetic
oxygen depletion more than doubled between 1930 and the rnid-
1970s. In 1930, the volumetric rate has been estimated at 0.05
mg/l/day, while in 1974 it was measured at 0.13 mg/I/day. During
the same period the area of the basin subjected to anoxic
conditions rose from 300 km in 1930 to 10,250 km in 1974.
Studies conducted from 1980 to 'I982 show that the demand rate has
dropped to an average of 0.10 mg/I/day and the area of anoxia has
been reduced to 4,870 km2. This improvement in bottom water
quality can be attributed to decreased amounts of sedimented
organic material due to nutrient reduction.

Al al Res onse

In response to lower phosphorus concentrations basin-wide,

A h and Anabaena! in western Lake Erie, and massive

which were so prevalent in the mid-1960s decreased in intensity
and number during the 1970s, and no basin-wide blooms have been
reported in recent years. Open lake phytoplankton analysis
between 1970 and 1980 indicates a reduction in total
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DISTRIBUTION OF ANOXIA IN LAKE ERIE �930 � 1982!
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phytoplankton biomass and a composition shift toward more
oligotrophic species. Eutrophic species  e.g. Melosira

1 t , Ste nancdiscus tenius and S. ~nia ara! were less
a b u n d a n t in 1 9 7 9 t h a n i n 1 9 7 0 , a n d o 1 i g o t r o p h i c species   e . g .

a n d 0 c h r o mo n a s s c i n t i l l a n s ! were f i r s t
observed i n

N a t e r levels i n Lake Erie d u r i n g the p a s t decade have
a v e r a g e d 2 f t . above the 'l 9 6 0 - 1 9 7 0 levels . The d i f fe r e n c e
b e t w e e n the l ow e s t y e a r   1 9 6 4 ! a n d the h i g h e s t year   1 9 7 3 ! is 3 . 6
f t . , a n increase of a p p r o x i ma t e l y 7 5 in l a k e volume . The
d i 1 u t i o n e f f e c t of m o r e u p p e r G r e a t Lakes w a t e r fl ow i n g i n t o L a k e
Erie , coupled with g r e a t e r submergence of a l g a l attachment sites ,
is thought t o b e p a r t i a 1 l y r e s p o n s i b 1 e for the a b s e n c e of basin-
w i d e a l g a 1 b 1 o o m s a n d ma s s i v e g r ow t h s of the filamentous a l g a e ,

� 996

Benthos Res onse

The composition of the benthic macroinvertebrate communities
of western Lake Erie has improved since 1967. Samples taken in
1979, when compared with 1967 data, showed that the bottom is
still dominated by pollution tolerant tubificid worms  e.g.
Limnodrilus hoffmeisteri, L. cervix and L. maumeensis!; however,
other less tolerant taxa of tubificids  e.g. Peloscolex ~s .!
were also common. The density of tubificid worms declined
sharply at the mouth of the Detroit River between 1967
�3,000/m ! and 1979 �,400/m2!, while the number at the mouth of
the Maumee River has remained constant. Midge  Chironomidae!
larvae represented only 6$ of the western basin benthic
population in 1967 but rose to 20'0 by 1979, replacing some of the
tubificids ~

limbata! has been observed at the mouth of the Detroit River and
in adjacent areas of western Lake Erie. This species was
extirpated from the western basin in the mid-1950s following
periods of anoxia in this normally unstratified portion of the
lake. Prior to 1953, bottom sediments yielded about, 400 nymphs
per square meter in the Bass Islands region. Following the

9
in Lake Erie sediments for over 20 years. In 1979, 20 nymphs
were collected near the mouth of the Detroit River and for the
past several years a small emergence of adults has been observed
on South Bass Island,

Fisher Res onse

The annual sport angler harvest of fish in the Ohio waters
of Lake Erie has increased from 1.4 million lb in 1976 to 10. 1
million lb in 1982, an increase of 40$. During this eight-year
period, yellow perch  Perca flavescens! harvests rose from 8 ~ 2
million fish to 12.2 million fish while walleye  Stizostedion v.
vitreum! production jumped from 112,000 fish to 3. 1 million fishy
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The increased walleye production has been attributed to good
young-of-the-year recruitment and international management
approaches to control sport and commercial harvests. The
abundance of walleye within western Lake Erie also increased
dramatically from 1970 to 1982. During the 1960s and early 1970s
the "fishable" population of walleye �4.5 inches in length and
larger! was estimated at or below two million individuals. Since
1982, the fishable population in western Lake Erie has averaged
over 20 million walleye.

Database

In many respects Lake Erie has one of the longest and most
complete historical databases in the Great Lakes. Early studies
of Lake Erie focused mainly on bacterial contamination in
nearshore waters  IJC 1918!. The first detailed limnological
surveys of Lake Erie were completed in 1928-1930  Fish 1960,
Wright 1955!. In the 34 years following that 1928-1930 effort
there were occasional surveys of limited geographical and
temporal scope  e.g. Chandler and Weeks 1945, Curl 1959, Rodgers
1961, Beeton 1963!. It was not until 1963/ 1964 that the next
major study was completed  FWPCA 1968a!, which was followed by
another comprehensive study in 1967  FWPCA 1968b!. A notable
research and surveillance effort was occasioned in 1970  Burns
and Ross 1972, Burns 1976!. This was followed by a series of
studies from 1973 through 1977,  Herdendorf 1977, 1979, 1980!
then by two years of binational intensive studies in 1978/1979
 Herdendorf 1983, Rathke 1984!. Additional annual surveys
followed in 1980 through 1984  Fay and Herdendorf 1981, Fay 1982,
Fay et al. 1983, Rathke and Fay 1985!. These studies represent 5
years of nearly continuous effort to determine the impact of
culturally induced eutrophication and contamination from toxic
substances and to assess the success of efforts to reduce those
impacts. Within the last year, Burns �985! and Rathke and
Edwards �985! have attempted to document the status of Lake Erie
and trace its long- and short-term water quality trends.

In summary, during the late 1970s changes began to occur
which are continuing in the early 1980s: nutrient loading
declined, phosphorus concentrations in the lake dropped, sources
of contamination by several toxic substances have been checked,
levels of contaminants in lake sediments and biota are subsiding,
"clear water" forms of plankton and benthos are showing modest
signs of recovery and fish populations are rebounding. However,
cause and effect relationships of all of these changes are not
obvious, most of the improvements have been small, and for many
parameters, conclusive trend- have yet to be established. But
evidence for improvement is beginning to mount and it is becoming
obvious to scientists, fishermen and shoreline dwellers alike
that Lake Erie is recovering. The extent of future improvements
will depend on continuing efforts to control loading of nutrients
and toxic substances to the lake, particularly those associated
with industrial and agricultural practices. Surveillance of Lake
Erie water, biota, and sediment conditions must continue if we
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are to establish clear relationships between remedial actions and
lake quality.
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UNDERSTANDING RECENT HIGH GREAT LAKES WATER LEVELS

by

Thomas E. Croley II 2

INTRODUCTION

The Great lakes are one of our greatest water resources, containing 95
percent of the nation e and 20 percent of the world s fresh surface water.
The prime measures of water quantity are the lake levels of the individual
Great Lakes and Lake St. Clair. Due to the continuing record high lake levels
which began in the spring of 1985, there has been renewed interest in lake
Level trends and in factors accounting for the current high water levels.
Many riparian interests are particularly concerned about continuing storm
damage and flooding as we head towards the fall storm season on the lakes.

There is a major tendency to think of Great Lakes water levels in terms
of extremes rather than of normal conditions. Within recent memory we have
had the record low lake levels of 1964. This resulted in docks sit ting out of
the water, insuf f ic ient depths for navigation in many harbors and channels and
greatly reduced recreational opportunities. These low levels were followed
nine years later in 1973 by record high lake levels with resultant flooding
and shore damage and erosion. The lake levels have remained high over the
intervening period and new record highs were once again set on Lakes Superior,
Michigan-Huron, St. Clair, and Erie.

This paper presents the physical characteristics of the Great Lakes from
a water quantity perspective, outlines the basin and lake hydrologic cycles,
summarizes the climatology of the Great Lakes, examinee the types of natural
lake level flue tuatione and their causes, compares the natural fluctuations
with existing diversions, descr ibee current cond it ione, and concludes with a
long-term perspective on lake levels.

PHYSICAL SYSTEM

The Great Lakes basin, shown in Fig. 1, contains an area of approximately
three hundred thousand square miles, about one third of which is water sur-
face. Cursory descriptions are given by Freeman and Harae �978!, the U. S.
Army Corps of Engineers �985!, and the Coordinating Committee on Great Lakes
Basic Hydraulic and Hydrologic Data �977!. The basin extends some 2000 miles
from the western edge of Lake Superior to the Noses-Saunders power Dam on the
St. Lawrence river. The water surface drops in a cascade over this distance
some 600 feet to sea level. The most upstream, largest, and deepest lake> is

1
Glerl Contribution No ~ 499.

2 Research Hydrologist, Great Lakes Environmental Research Laboratory, Environ-
mental Research Laboratories, Office of Atmospheric and Oceanic Research,
National Oceanic and Atmospheric Administration, U. S. Department of Commerce,
2300 Washtenaw Avenue, Ann Arbor, Michigan 48104
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Fig. 1 Great Lakes Basin.

Lake Super ior. Lake Superior is comp let ely regulated ac card ing to a regu la-
tion plan, Plan 1977, under the auspicies of the International Joint Commis-
sion  Internat ional Lake Superior Board of Control, 1981,1982!. The lake has
two interbasin diversions of water into the system fram the Hudson Bay Basin,
the Long Lac and Ogoki Diversions. Lake Superior waters flow through the lock
and compensating warks at Sault S t. Marie, and down the S t. Marys River into
Lake Huron where it is joined by water flowing from Lake Michigan.

Lakes Michigan and Huron are considered to be one lake hydraulically,
because of their connection through the deep Straits of Mackinac, and together
have a vast surface area that provides a buffer to flow changes leaving the
lake. The second interbasin diversion takes place from Lake Michigan at
Chicago. Here water is diverted from the Great Lakes to the Mississippi River
Basin. The water flows from Lake Huron through the St. Clair River, Lake St.
Clair, and De troit River system into Lake Erie. The drop in water surface
between Lakes Michigan-Huron and Lake Erie is only about 8 feet. This results
in a large backwater effect between Lakes Erie, St. Clair, and Michigan-Huron;
changes in Lakes St. Clair and Er ie levels are transmitted ups tream to Lakes
Michigan and Huron. From Lake Erie the flow is through the Niagara River and
Welland Diversion into Lake Ontario. The major drop over Niagara Falls pre-
cludes changes on Lake Ontario from being transmitted to the upstream lakes.
The Welland Diversion is an intrabasin diversion bypassing Niagara Falls and
is used for navigation and hydropower. There is also a small diversion into
the New York State Barge Canal System which is ultimately discharged into Lake
Ontario. Lake On tar io is also comp le te ly regula ted in ac cord ance wi th Regu-
latian Plan 19589- The outflows are controlled by the Moses-Saunders Power
Dam be tween Ma s se na, New York and Cornwal 1, On tar io. From Lake On tar io, the
water flaws through the St. Lawrence River to the Gulf of St. Lawrence and the
ocean.

HTDROLOGIC CYCLE

The primary process that determines the lake levels is the hydrologic
cycle of the Great Lakes Basin  Croley, 1983!. As shown in Fig. 2, precipita-
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tion enters the snowpack, i f
present, and is then available as
snowme l t depe nd ing ma inly an air
temperature and solar radiation.
Snowmelt and rainfall partly in-
filtrate into the soil and partly
run of f direc tly to rivers, de-
pending upon the moisture content
of the soil. Inf iltration is
high if the soil is dry and sur-
face runof f is high if the soil
is saturated. Soil moisture e-
vapor ates or is transpired by
vegetation depend ing upon the
types of vege tation, the season,
solar radiation, air temperature,
hum id i ty, and wind speed. The
remainder percolates into deeper
basin stor ages which feed the
rivers and lakes through inter-
flows and groundwater flows. Gen-
erally, these river supplies are
high i f. the soil and ground we ter
etorages are large. Uecause of
this buf fering ef feet of the
large snowpack and the large Ev
soil, groundwa ter, and sur face
storages, runof f from rivers into
a lake can remain high for many
months or years after high pre-
cipitation has stopped.

insolation
Precipitation
Temperature

Snow Rain

l

Evapotranspiration
ff

/

Evapotranspiration

Evapotranspiration

Major sources of water into
a lake include precipitation on Basin Outflow

the land basin which results in
runoff into the lake, precipita-
tion over the lake surface, in-
flow from upstream lakes, and diversions into the lake. Net groundwater flows
directly to each of the Great Lakes are generally negligable  DeCooke and
Witherspoon, 1981!. The outf lowe consist of evaporation from the lake sur-
face, flow to downs tream lakes, and diversions. The imbalance between the in-
flow and outflow results in the lake levels either rising if there is more in-
flow than outflow, represented by a positive change in storage, or falling if
there is more outflow than inflow, represented by a negative change in storage.

Pig ~ 2 ~ tuaoff Hydrology Concepts

CLNATOLOGT

Precipitation causes the major long term variations in lake levels  Quinn
and Croley, 1981!. Figure 3 depicts total annual precipitation over Lakes
Michigan-Huron, St. Clair, and Erie for the 1900-79 period  Quinn, 1981; Quinn
and Norton, 1982! ~ From 1900 through 1939, a low precipitaion regime pre-
dominated with the majority of the years falling below the mean. From about
1940 to date, a high precipitation regime has existed. Of particular interest
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Lakes Michigan-Huron, St. Clair, and Erie
Precipitation 3 Year Non-centered Mean

 based on 1900-1979 periodj
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Fig. 3 . Historic Precipitation.

Table l. Great Lakes Annual Precipitation Semry.
RRRRRIRC NRRIRSRZ ass mmme~maa � m � sascaaaaaasEWS%$tRR

Lake

Super ior Hich igan Huron Er ie Ontar io
 in!  X!  in!  X!  in!  X!  in!  X!  in!  X!

Period

Normala 29.6 100 31 ~ 1 100 31.5 100 34.1 100 34.3 100
1900-39   low! 28.5 96 30.8 99 30.5 97 33.5 98 33.8 99
1940-85  high! 31.8 107 32.0 103 33.6 107 35.8 105 35.6 104
1970-85 33.0 111 32.9 106 35.0 111 37.4 110 37.0 108
1985 41-2 139 38.2 123 41.6 132 42.0 123 36 ~ 9 108

+eamon caus +ca a eaaaaamazsaamaaaaaaexa aamaaasamaaeaaaaaem a eaaaae mmcaamammsmaaaaa

Normal is defined as the mean for the period 1900-69.
b June-December 1985 provisional data from the U. S. Army Corps of

Engineers  Detroit District! ~
Rec ord high f or 1 900-85.

1920 1940 1960 1980

Year

Pig ~ 4. Historic Air Temperature.
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is the high precipitation in the
early 1950 s, the low precipitation
in the early 1960 s that led to the
record lows, and a consistently very
high precipitation regime from the
late 1960 s through the present
time. Tab le 1 summarizes Great
Lakes annual precipitation totals by
basin for several periods. Of par-
t icular interest are the progres-
sions of increasing precipitation
for each basin. While the 1940-85
period is above normal  from 3 to 7%
higher!, the Last 15 year period is
higher still � to llX!; last year
set many new records with the high-
est precipitation to date �3 to 39X
higher for the upper lakes!.

Variations in air temperature
also influence lake level flue tua-
tions. At higher air temperatures,
plants tend to use more water, re-
su1 ting in more transp i ra tion, and
there are higher rates of evaporation
from the ground sur fac e. Th is yield s
less runof f for the same amount of
precipitation than would exist d ur ing
a Iow temperature period when there is
less evaporation and transpiration.
The annual mean air temperature around
the perimeter of the Great Lakes since
1900, summarized in Fig. 4, indicate
three d is tine t temperature regimes; a
Low temperature regime from 1900 to

Great Lakes Annual Temperature in Degrees C
Means 8ased on 1900 � 29, 1930 � 59, and 1960 � 84 Periods

O 12

11

cn 10
Mean

+ 6 5 4 1900



1929, a higher temperature regime from about 1930 to 1959 and an additional
low regime from 1960 through the present period. The difference between the
previous and current regime is a drop of about 1 degree Fahrenheit.

The magn i tude of the hydrologic Lske Erie
variables vary with the season, as Components Net Basin Supply
shown in Fig. 5 for Lake Erie  Quinn,
1982; Quinn and Kel ley, 1983!. The

200
monthly prec ipitat ion is fairly uni- m Runoff
form ly dis tributed throughout the m 50 p
year, wh i le the runaf f has a peak a 1OO

0 rduring the spring which results pri- 50
marily from the spring snowmelt. The

0runof f is at a mini~urn in the late I +Evaporation
summer and early fal l due to large
evapotranspiration from the land ba- E
sin. The 1ake evaporation reaches a E

minimum during the spring and grad-
ually increases until it reaches a
maximum in the late fall or early
w inter. The high evaporation per iod
is due to very cold dry air passing Fig ~ 5 ~ Seasonal Net Sasia Supply.
over warm lake surfaces. The inte-
gration of these components is depicted in the net basin supply, which con-
sists of the precipitation plus the runoff minus the evaporation. The net
basin supply is seen to reach a maximum in April and a minimum in the late
fall ~ The negative values indicate that more water is leaving the lake
through evaporation than is being provided by precipitation and runoff.

-200
J FIIAMJ JASOND J FMAM J JASOND

Month

LAKE LEVEL FLUCTUATIONS kHD TRENDS

Pig. 6. Historic Great Lake Levels

-1880 s from which the lakes never recovered.
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There are three primary
types of lake level f luc tua-
tions: annual lake levels, sea-
sonal lake levels, and short-

period lake level changes due
to wind setup and storm surge.
Annual f luctuations result in

most of the variability leading
to the record high and low lake
leve ls. The annual lake level s

are shown in Fig. 6 from 1860
through the present to illus-
trate the long-term variab lity
of the system. The record
highs in 1952 and 1973 and
record iowa in 1935 and 1964

are read ily apparent. There is
an overall range of about 6
feet in the annual levels ~ Of

particular interest is the fall
in the levels of Lakes Michigan
and Huron occurring in the mid
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This probably results from dredging for deeper draft navigation in the St.
Clair River. Other changes in the St ~ Clair River include sand and gravel
dredging between about 1908 and 1924, a 25-foot navigational project in the
mid-1930 s, and a 27-foot navigation project in the late 1950 s and early
1960 s. Without these changes Lake Michigan-Huron would be approximately 1.5
fee t h igher than it is today.

The three-year non-centered
precipitation mean in Fig. 3 cor-
relates very well with annual lake
levels as observed by superimpos-
ing the annual prec ip i t ation on
the annual Lake Erie water levels
in Fig ~ 7. The prec ip itation
tends to lead the water levels by
approximately one year, as shown
here by the 1929 high's, the 1935
low s, and the 1952 high s. In
particular you can see the results
of the last 15 years of high pre-
c ipita t ion r eau 1 t ing in very high
water levels. Thus, the continu-
ing high levels are the result of
the increased precipitation regime
since 1940 coupled with the lower
temperature regime since 1960.

Oiff. From
Mean  ft!

3

Precip.
 mm!

000

00

00

� 3
19QQ 1920 1940 1960 1980

Year

Pig. 7 hanual Lake Erie Water Levels

Superimposed on the annual levels are the
seasonal cycles shown in Fig. 8; each lake
undergoes a seasonal cycle every year. The
magnitude depends upon the individual water
supplies. The range varies from about 1.5
feet on Lakes Erie and Ontario to about 1 0
foot on Lake Superior. In general, the season-
al cycles have a minimum in the winter, usual-
ly January or February. The levels then rise
due to increasing water supplies from snowmelt
and spring prec ipitat ion until they reach a
maximum in June for the smaller Lakes, Erie
and Ontario, and September in the case of Lake
Superior. When the net water supplies dimin-
ish in the summer and fall, the lakes begin
their seasonal decline.

Great Lakes Average Seasonal Cycle
l900-1975

Lake Superior
183.0 0.31

E ~ 1>e < Lake Michigan-

cocI174.0 Lake Erie
y 9 1'13.8

0.38

MOnth J F M A M J J A S 0 N 0

Fig. 8. Seasonal Cyclee ~

65

The f inal type of f luctuation wh ich is common along the shallower areas
of the Great Lakes, particularly Lake Erie, Saginaw Bay, and in some cases on
Green Bay, are storm surges and wind set-up. Under these conditions when the
wind is b lowing along the long axis of a shal low lake or bay, a rapid dif fer-
ence in levels can build up between one end of the lake and the other. This
dif ference can be as large as 16 feet for Lake Erie. These storm conditions,
when superimposed on high lake levels, cause most of the damage along the
Grea t Lakes shore 1 ine.



Looking in more detail at
the past trends in lake levels,
along with t he more recent 175,0
conditions for Lake Erie, we
see a steady progression of
changes in the lake levels with
time in Fig. 9. These changes
r e f lee t the changes in pr ec ip i-
tation, illustrated in Fig. 3
and summarized in Table 1. At

the bottom of Fig. 9 are the
record low lake levels for each

month which were se t primarily
in 1 964. P roce ed ing up ward s we
have the 40-year average from
1900 to 1939. From 1940 to

1979, the lake is at a still J
h igher average level. Tak ing
the 11-year period from 1970 to
1980, we see that the lake Pig. 9.
level average is higher yet,
followed by the record highs set in 1973.
April and May on Lakes Michigan-Huron, St.

Lake Erie Water Level Comparisons
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Lake Brie Level Coaparieone.

Zn 1985, record levels were set in
Clair, and Erie.

DXVERSIONS

Table 2 ~ Impact of Existing Diversions oa Lake Levels.

Diversion Mic h-Hur Er ie On tar io

  fee t!   fee t!   fee t!
Amount

 c fs!
Superior

 feet!

Ogok i-Long Lac, 5,600
Chicago, 3,200
We 1 1.and, 9,400
COMBINED

+ 0.22

- 0.10

0

+ 0.08

+ 0.25

- 0.14

� 0.44

� 0-33

+ 0.37

� 0.21

� 0.18

� 0.02

+ 0.21

� 0.07

- 0.06

+ 0.07
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It is interesting to compare the impacts of the existing diversions on
lake levels in Table 2 with natural lake-level fluctuations  International
Great Lakes Diversions and Consumptive Uses Study Board, 1985!. This enables
a comparison of man s impacts with natural fluctuations ~ The Long Lac and
Ogoki Diversions average about 5 600 cfs. They raise Lake Superior by about
0.21 f t, Lake Michigan-Huron by 0.37 f t, Lake Erie by 0.25 f t, and Lake
Ontario by 0.22 ft. The Chicago Diversion averages about 3,200 cfs and lowers
Lake Michigan-Huron by 021 ft, lowers Lake Superior by 0.07 ft, Lake Erie by
0.14 ft, and Lake Ontario by 0.10 ft. The Welland Canal, which bypasses
Niagara Falls, averages about 9,400 cfs and lowers Lake Superior by about 046
ft, Lake Michigan-Huron by about 0.18 ft, Lake Erie by 0.44 ft, and has no
ef feet on Lake Ontario. The combined ef feet on the lakes ranges from a plus
0.11 f t for Lake Superior to a W.33 ft for Lake Erie. The combined effect on
Lake Michigan is only -0.02 ft and on Lake Ontario 0.08 ft. The diversion
ef fee ts are therefore small in comparison with the 1.5-foot seasonal cycle and
the 6-foot range of the annual variations.



The small effects of the diver-
sions along with the long response time
of the system illustrate why diversions
are not suitable for lake regulation. Lake Michiga
Due to the large size of the Great m P
Lakes system it responds very slowly to
man-induced changes. This is illus- ~~m /
trated in Fig. 10 by the length of time Q~ /
it takes from the start of a hypotheti- c ~

Zoc al divers ion on Lakes Michigan and o
Huron  of the magnitude of the Chicago f
diversion! until the ultimate ef feet of
that divers ion is reached on Lakes
Michgan-Huron, and Erie ~ It takes
approx i ma te1y three to three and Pig 10 ~ Response to Diversion.
one/half years to achieve 50 percent of
the ultimate ef feet and 12 to 15 years to get 100 percent of the effect.
Thus, regulation by diversion would not produce changes responsive to natural
fluctuations. Recent s tudies at the Great Lakes Research Laboratory indicate
that an increase of 10X in the Niagara River discharge from Lake Erie would
lower it 10.5 inches in about 11 to 12 years.

n-Huron

0 0 5 10 15
Time After Start of Diversion in Years

Additional interbasin diversions are a highly controversial issue at the
present time around the Great Lakes. Possible uses of Great Lakes water
outside the basin are flow augmentation for navigation, energy uses such as
syn fue ls or pipe 1 ines, agricul ture and aqui f er recharge, and municipal wa ter
supplies. A small pipeline project such as the Powder River coal slurry
pipeline would require 5-8 cubic feet per second of water and would have no
measurable impact on lake levels. A synfuels project, highly unlikely at this
t'ime, could require approximately 800 cubic feet per second and result in lake
level lower ings of 0.04&4� foot. A major agricultural or aquifer recharge
project could require 10,000 cubic feet per second and would result in lake
level decreases ranging from 0.4 foot on Lake Erie to 0.7 feet on Lake Michi-
gan-Huron. It should be emphasized that these are hypothetical projections
for il lus tra t ion only.

CURRENT CONDITIONS

We had much higher than normal prec ipitation throughout the Great Lakes
Basin every month from December 1984 through March 1985, sometimes ranging
100K higher than normal in some parts of the basin. A major spring snowmelt
also occurred during the last week in February 1985, compounding the problem.
On 18 February 1985, there was a large snow cover throughout the Great Lakes
Bas in. One week later mos t of the snow in the southern part of the basin
melted and quickly ran of f causing the lake levels to rise. April through
June of 1985 was dry to normal but every month from August through December of
1985 was again very wet with August and September 100X higher than normal in
some parts of the basin. Air temperatures throughout the summer were below
normal, reducing transpiration and evaporation. Air temperatures were close
to normal throughout the fall and lower than normal during the winter, result-
ing in major snowpack storage. In March of 1986, both precipitation and air
temperatures were higher than normal, resulting in snowmelt runoff which kept
the lake levels high.
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The results of these conditions

for January through May 1985 are shown  ft!
in Fig. 11 as they affect water levels Mich.-Huron
for Lakes Erie, St. Clair and Michigan- 680 Record

Huron; also shown are the record month-
ly mean levels established during 1973. St. Clair
At the start of 1985, the lake levels

c! 7 Q
were below the record levels. The ' Snowmelt
ef feet of the February 1985 snowmelt is ~~4
shown by the sudden rise, in Fig. 12, sos
of Lakes Erie and St ~ Clair. The lakes <;z Rain
began exceeding the record levels in sart Snowmelt
March. Heavy rains on the southern
portion of the basin occurred in late trJ85 Jan

March and early April of 1985, which
resulted in Lakes Er ie and St. Clair Pig. 11. 1985 Daily Lake Levels ~
set ting new record highs in April.
Lake Michigan-Huron also set record high levels but rose at a much slower rate
due to its very large water surface, roughly 45,000 square miles. The record
high levels continued in May 1985, but due to the dryer conditions on the
basin no June records were set ~

Feb March April May

Similarly, for July 1985
through April 1986, water levels
and rec ord mon th ly me an s are
shown in Fig. 12 for Lakes Erie,
St. Clair, and Michigan-Huron.
Lake levels continued to be high
but slightly under record levels
on Lakes Erie end St. Clair from

July through September or October
1985. In November 1985, levels
on these two lakes again began
exceed ing the record s; this con-
t inued through April 1 9 86. Lake
Michigan-Huron, while high, set
no new record s.

Great aces Water laveh

Erie
R i

Al. AUG ~ OCT NOV DEC JAN FEB MAR hPR
%86 %88

Water supplies will not
change f as t, as shown by the Pig, 12. 1985-86 Daily Lake Levels
above consideration of diver-

sions. Other studies at the Great Lakes Enviromental Research Laboratory
indicate that if normal meteorological conditions were again realized  "nor-
mal" being the average conditions over 1900-69!, it would still take about 6
years for Lake Michigan-Huron to return from its January 1986 level to its
normal �900-69! level. About 7 years are required for Lakes St. Clair and
Erie to return to witkin 4 inches of normal and about 9 years are required for
them to return to within 2 inches of norml. Even supposing that we encoun-
tered a drought similar to the 1960-64 conditions, about 3.5 years are still
required for Lake Michigan-Huron and about 4 years are required for Lakes St.
Clair and Erie.
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A long-term perspective on Lake Michigan levels for 7000 years was recon-
structed through geologic and archaeologic evidence by Curtis Larson  Larson,
1985! under work sponsored by the Illinois Geologic Survey. Conditions back
several thousand years ago were not necessarily the same as today due to
isostatic rebound and uplift during the intervening time. But, in general,
this provides us with additional perspective on possible conditions we may
experience in the future. Looking at just the last 2500 years, during which
time the Great Lakes were in their current state, there were major lake level
fluctuations. During most of this time the levels were much higher and more
variable than they have been during the last 120 years of record. If the past
is any ind ication, lake leve ls in the future could go through a cons id crab ly
larger range then we have experienced lately. Indeed, the period of record
which makes up what many consider to be normal, the early 1900 s through the
1960 s, may be abnormal conditions.

CONCLUSIONS

As we enter this fall storm season, the Great Lakes are experiencing
record or near-record high lake levels, except for Lake Ontario, making it
highly likely that riparian interests will experience continued flooding,
erosion, and shore damage. Based upon the persistance of the current high
precipitation and low air temperature regimes it is likely that the current
high lake level regime will continue for the next several years. It is also
important to keep in perspective that while we have ranges in annual lake
levels of 4 to 6 feet, and additional short term ef fects on the order of 7 or
8 feet, the ef fects of man on the system are relatively small, on the order of
a couple of tenths of a foot. Therefore man can have relatively little impact
in bringing about major reductions of the existing high lake levels.

This report relied extensively on presentations of, and other materials
gathered by, Dr. Frank H. Quinn, and on studies performed by Ms. Holly C.
Hartmann, both from the Great Lakes Environmental Research Laboratory.
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LAKE ERIE COASTAI USES

RICHARD BARTZ

Ohio Department Of Natural Resources

I have been asked to talk about Lake Erie coastal uses. I would like to
discuss briefly how we use our coastal resources in Ohio by giving you an
overview of Lake Erie shoreline uses.

Before I discuss coastal uses however, I would first like to give you some
general statistics about Lake Erie and Ohio ~ For the purposes of our
p res entat ion today, we have about 265 miles of Lake Erie shoreline, which
inc ludes the mainland, islands, and bays ~ Of the 9,900 square ~iles of Lake
Erie, about one-third or 3,300 square miles are in Ohio. Part or all of 34 of
the S8 counties in Ohio are in the Lake Erie drainage bas in and about 40K of
Ohio s population. We generally like to say that about one-third of the
geographic area of Ohio is in the Lake Erie drainage basin.

Lake Erie is an interstate resource ~ We share it with Michigan,
Pennsylvania and New York ~ Lake Erie is also an inte rnat iona 1 resource. We
share it with the Province of Ontario ~

During my presentation I m going to refer to the western basin and the
central basin. Very basically the central basin is from Sandusky, Ohio, to
Conneaut, Ohio. The western basin is from Sandusky, Ohio, west.

The physical features along the Lake Erie shoreline af feet how we use Lake
Erie. The shore types themselves influence how we use Lake Erie. In the
central basin, high bluffs front the Lake Erie shoreline. In the Sandusky area
the bluffs are about five or six feet high ~ In the far eastern part of Ohio
the bluffs may be 40 to 50 ft. high. These bluffs are primarily susceptible to
erosion. In the central basin we only have flooding at the river mouths. The
western basin of Lake Erie is fronted by low plains which are susceptible to
both f lood ing and eros ion ~ The drainage area o f the western basin is
charac terized by being very flat and very low. During storm events we have
flooding one to two miles inland because of the low relief. In the western
basin we have remnants of a barrier beach wetland system that used to go from
Sandusky, Ohio, to Toledo and then on up to Detroit. This is characterized by
a barrier beach all along the shoreline with wetlands behind it ~

The presence or absence of the beach affects how we use the shoreline. In
1 974 the 9 iv is ion o f Geo log ic a 1 Survey c arne up with some statistics on the
amount of beach along the shoreline. They found that 52X of the shoreline had a
beach zone. Forty-eight percent of the shoreline was without a beach. Since
we have had high lake levels for the last 16 years, I would venture to say that
the area without a beach zone has increased ~

71



Habitat The first type of coastal uses I want to talk about are the in-stream
uses or in this case the in-lake uses. In talking about coastal uses these are
often overlooked.

F irs t and foremos t Lake Er ie provides wild life and aquatic hab itat. Lake
Erie is hab itat for benth ic communi t ies, f isheries and waterfowl. It is the
most diverse of all the Greet Lakes because it is so shallow.

Water quality. There is an old adage that goes "the solution to pollution
is dilution." To some extent that still is true. We continue to use Lake Erie
to dispose o f our municipal and indus tr ial was te. We have made great strides
in working towards improving our water quality' We have improved all of our
treatment plants to secondary treatment for municipalities' Industx'ies have
also improved their treatment. We are getting close to meeting our goal for
phosphorous input into the lake. Nost of the gains that we will achieve in the
future will be from our non point sources. Ohio is developing a program to
work with farmers in 25 counties in the Lake Erie basin in northeast Ohio,
Ind iana and Mich ig an. These programs are d es igned to encourage conserve t ion
til lage and other t il lage p rac t ices in ord er to x'educe soil erosion and to
decrease phosphorus. It is estimated that between one and two million acres of
farmland will have to be put into conservation tillage and/or no tillage type
practices in order to meet these goals ~

Gamaercial navigation. It serves a very important role to Ohio s economy.
In 1979 we saw up to 98 million tons of goods move in and out of Ohio s Lake
Erie ports. The highes t year for shipments on Lake Erie was 1979. Ninety
pere en t o f that 98 million tons o f goods was in four commodities: grain,
limes tone, coal, iron ore. We can see from this that our ports and the
commercial navigation are very important to Ohio s agriculture, steel, and our
power industry. These 98 million tons of goods have been es timated to be a
$1.4 billion impact to Ohio s economy.

Recreational boatiag Nearly one-fourth of all the boats registered in
Ohio list Lake Erie as their primary area of use ~ That represents over 70,000
boats us ing Lake Erie in Ohio alone. The economic value of the boating
industry on Lake Erie has been estimated at $133,000.000 a year.

Fishing ~ In 1985 we harvested 11.8 million pounds of fish from Lake Erie ~
Of this, 3.5 million pounds were harvested by our commercial fishermen and 7.8
million pounds were harvested by our recreational sport f ishermen. The great
success on Lake Erie has been the walleye fishery. Lake Erie has been named as
the walleye capital of the world and I invite you all to stay around and take
advantage of the walleye f ishing on Lake Erie. In 1975 we harvested 112 000
walleyes in Lake Erie. In 1985 we harvested 3 7 million walleyes from Lake
Erie and that was the second highest walleye hax'vest in the last 11 years ~ The
walleye sport fishery in the western basin of Lake Erie has been estimated to
be a $100,000,000 a year industry. This is for the sport f ishery only for
walleye from private boats in the western basin. This does not inc lude the
central basin, the pexch or bass fishery, or the 700 boat captains that are
operating at lake Erie. So you can see that the impact of the walleye fishery
is much greater than just $100,000,000 a year.
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Naw I would like to go over some of the other types of coastal uses or the
off-stream water uses.

Water 8upply. Lake Er ie and the Great Lakes represent a great reservoir
of water for water supply ~ The Great Lakes represent 20X of the world s fresh
surface water and 95X of the United States fresh surface water. About 110
billion gallons per day flow past Ohio ~ We utilize about 4X of that or 4.3
b il lion gallons per day. To break that down further we use approximately 530
million gallons per day for drinking water in municipal water supply in Ohio.
We u t il ized 628 million gallons per day for indus trial processing, and 3.2
billion gallons per day for electrical generation. I want to emphasize that
I m saying "utilized" because much of the water is returned to the Great Lakes.

Ctnmercial harbors. We have e ight cammerc ia I harbors in Ohio that are
maintained by the Corps of Engineers from Toledo, Ohio, in the western basin
to Conneaut, Ohio, in the central bas in. As a coas tal use our commerc ial
harbors are water dependent use. They are important to Ohio s economy as a
cos t e f f ic ient means of transportation in order to keep our produc t costs
lower. In Ohio with the eight harbors, we have a problem in that the harbors
had to be dredged ta about 28 ft. below the low water datum. This is done by
the Corps of Eng ineers . I say it is a prob Kern f rom the point o f view tha t
dredging involves large quantities of materials and it is very costly. The
Corps dredges the eight commercial and four recreational harbors in Ohio. In
1984 this meant dredging 2.1 millian cubic yards of material at a cost of about
10. 5 mi 1 lion d o 1 lars. Over the Great akes about 9.3 mi 1 lion cubic yards of
material are dredged annually ~ Over half of that comes from Lake Erie alone.
Ohio represents about 40X of all the dredging that occurs on all the Great
Lakes.

The trad it ional method of d ispos ing of dredged materials on the Great
Lakes is to return them to the open lake ~ However, many of the sediments that
are dredged are polluted with organics, nutrients and heavy metals. The
polluted materials must be disposed of either at upland sites or in conf ined
disposal facilities. Therefore in the last 12 years we have a new coastal use
and that is the confined disposal facilities. We have built several such
fac ilities along the Lake Erie shorelines It s a very expensive program
already costing $68,000,000. We are currently looking for new sites at both
Toledo and Cleveland Harbors.

The confined disposal facility program is a water quality program. It was
initiated to protect the water quality of Lake Erie and the Great Lakes
overall ~ The problem is that the confined disposal facilities take up valuable
nearshore habitat. We f ind aurselves having a tradeof f between protecting the
water quality and decreasing nearshore habitat. An example is the confined
disposal facility at Toledo Harbor which takes up 242 acres of shallow water.

Res ident ial hoes ing. This is a ma j or shore l ine use in Ohio. It
represents 44X or about 116 miles of Lake Erie shoreline in Ohio. Generally
build ing along the Lake Erie shoreline daesn t cause problems until the
shoreline gets close to the structures. Flooding and erasian are signif icant
prob lems for many shoreline property owners. A survey was dane for the periad
of 1972-1976 to as sess the damages due to shoreline f laod ing and eros ian. We
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found that over $65,000,000 of damage was done during that four-year period to
property along the Lake Erie shoreline. The shoreline owners spent an
additional $34,000,000 during that time to protect their properties. It is
very expensive to try to protect property. The cost ranges form about $150.00
per linear foot for just large stone riprap up to $2,000 per linear foot for a
breakwater.

We have been experiencing record high lake levels since 1972. During the
mid � 1950 s there was a brief period of high water levels. Essentially water
levels until the las t 15 years had not been signif icantly above the long term
average for any length o f time since before 1 900. Most of the cons true t ion
along the Lake Erie shoreline has taken place since 1900 s, i.e-, during low
waters. As a result property owners have developed expectations regard ing
~ster levels that may not be applicable now or in the future.

Most of the damage that occurs along the Lake Erie shoreline is a result
of a major storm. Lake Erie is oriented on a southwest-northeast axis ~
Whenever we have a s ign if ic an t s t orm which invo ives high winds over a long
period of time, the water is literally pushed to one end of the lake causing an
exceptionally high lake level. In a recent storm of December 2, 1985, we had
gale force winds of over 60 miles an hour for a number of hours from the
southwest. The lake level was at about 572.5 feet above sea level, which was
already a record high lake Level . On top of that the winds pushed 8 feet of
water down towards the Buffalo area. On top of that you could add waves 10-15
ft ~ high. At the same time in Toledo the water levels were about 16 ft. lower ~
During a similar storm event from the northeast in November of 1972, the levels
were at a record high lake level and we only had a set up of 4 1/2 feet, which
caused 22 million dollars in damages.

Industry and cosmic rce We find such uses primarily around large cities
and in the harbor areas. As a land use, they compose about 14% of the Lake
Erie shoreline. We have six coal plants along the Lake Erie shoreline ~ We
also have power 2 nuclear power plants, the Davis Besse plant in Ottawa County
and the Perry Plant in Lake County ~

Recreation Recreational uses take up approximately 23% of the Lake Erie
shoreline ~ We use these areas for f ishing, boating, swimming, sunbathing,
walking, or jus t viewing the lake. The Ohio Department of Natural Resources
has six major state parks along the Lake Erie shoreline ~ DNR recently
comp le ted a s tudy a t the reques t o f a State Representative to loc a te a new
state park along Lake Erie shoreline. The study found that there are few if any
oppor tuni t ies remaining f or a major new s tate park along the Lake Er ie
shoreline.

We have more than just state parks along the Lake Erie shoreline. Almost
every community has one or two cosmmnity parks which are designed for community
needs and not regional needs . For the last several years we have seen
increasing demands for more regional fac ilities. Through our new Lake Erie
access program, DNR is trying to work with the local communities to improve the
community parks to meet regional needs. An example of this is Fairport Harbor.
The launch ramps originally at Fairport Harbor were just a rickety dock and a
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s and b as ed launc h r amp o f f the beach. We now have modern boat launching
facilities at Fairport Harbor-

Add itional public access is being provided through joint public and
private ventures. An example of this is Portside in Toledo, where we have
pub 1 ic ac c es s a long the Maumee River, comme rc ia1 shops, the in terna tional
headquarters for Owens-Illinois and new boat slips in the park.

Wildlife and natural areas. These provide habitat and protect wetlands.
Wildlife areas are managed primarily for waterfowl habitat. These wildlife
areas are concentrated primarily in the western basin and are remnants of the
old barrier beach-wetlands system. We have been able to protect about 20,000
acres of wetland habitat through federal-state initiatives and through private
duck hunting clubs. These wildlife areas provide habitat not only for
waterfowl but other species, including habitat for the bald eagle.

We have several natural areas along the Lake Erie shoreline which were
preserved primarily to protect wetlands- We have four state nature preserves.
A non-pro f it organization, The Nature Conservancy, has two pro jec ts along the
lake, one at Areola Creek and a 3,000-acre project in Sandusky Bay.

Specialty agriculture. I b r ing this up bee ause it is a lake-depend en t
use ~ The lake moderates the climate along the Lake Erie shoreline for about 5
miles inland. This moderation produces a warm fall and increases the growing
season. What we find along the Lake Erie shoreline are fruit farms, nurseries,
and the grape industry. When we talk about coastal uses, we must consider
these indus tries which are supported by the increased growing season along the
Lake Er ie s hore line ~

Mineral extraction. Sand and gravel are extracted from Lake Erie from
four designated areas by commercial operators. These areas are old geologic
deposits and not part of the littoral system. We have two salt mines operating
along the Lake Erie. The salt mines have shafts 2,000 feet deep and the mines
extend out a half to one mile under the bed of Lake Erie. Natural gas
extraction in Lake Erie has been occurring for some time, though none in U. S.
waters. I believe over 1,000 wells have been drilled in Ontario waters. The
Celeste administration has recently reaffirmed the policy of no oil or natural
gas extraction in Ohio waters.

Artillery range. There is a 95 sq. mile area in the western basin of Lake
Erie offshore of Camp Perry that is used as an artillery range for testing and
target practice. This area is often times restricted for boat and fishing use
in the summer. Through the efforts of the Sea Grant program and others we have
tried to decrease the conflicts that this might cause.

The lest point I want to make is on the ownership of the Lake Erie
shoreline. The State of Ohio holds in trust for the people of the state the
submerged lands of Lake Er ie- The littoral upland owners hold everything down
to the ws ter line. The Great lakes are not 1 ike many o ther coas tal s ta tes
where the citizens have customary rights to use the tidal areas. In these
o ther s tates, people grew up ab le to go to the beach and walk expansive
lengths, picnic, go camping, swim or whatever they would want to do. In Ohio
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and on the Great Lakes, the beaches are held for the exc lus ive use o f the
up land owner. We c an on ly vis it b caches in the Gree t Lakes at pub 1 ic parka ~
We have not grown up with a c lose assoc iation with the Lakes as a result ~
Therefore, it has been diff icult to foster the stewardship statewide for Lake
Erie and Great Lakes programs. however with the improvement in fishery, the
increasing awareness of clean freshwater, and through the work of our
educators, we have seen a heightened sense of stewardship for the l.akes.
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Who Governs The Great Lakea Baainf

Kathleen L. Barber

Professor of Political Science
John Carroll Univers ity

ISTRCOlKTIOII

Popular and scientific concerns about gradual deterioration of water qual-
ity and f ish supply in the Great Lakes in the 1970s led to a renewed interest
in the question, "Who is in charge2 Who is making the decisions about the uses
and abuses of this great resource2" The abrupt emergence in the 1980s of the
issue of d ivers ion of Great Lakes water to arid reg ions of the country sharply
escalated discussions of the adequacy of the governmental system.

Trad it iona 1ly, dec is ions about both water qua 1 i ty and water quantity in
the region have been made on an ad hoc basis by both private and public author-
ities with little consultation among affected parties. Public indifference to
the natural ecosystem had to be converted to public concern before the problems
of the institutional ecosystem could be addressed.

The critical characteristics of the mechanisms for making and implementing
pub1ic policy in the Great Lakes Basin are first, the ~i~i~~ of the insti�

complexity. A significant boundary for the purpose of ecosystem management is
the outline of the Great Lakes Basin. Many people are astounded to learn that
only a small portion of the land area of the region actuaLly lies within the
basin. Yet even that s ignif icant basin boundary is transcended by external
in f luenc es . The d iscovery, for examp le, tha t wa ter qual i ty in the lakes is
impacted by airborne pollutants carried great distances by natural atmospheric
currents proves how difficult it is to draw geographical boundaries to our
governmental concerns ~ The introduction of the sea lamprey into the Great
lakes was an unintended consequence of governmental decisions made far from the
basin to subsidize and encourage private commerce.

In order to add ress the c omp lex i ties of gove rnanc e, one mus t identify
internat iona 1, national, state and provinc ial as well as local government
bod ies, al 1 with b its and pieces of respons ib i 1 ity for human impac ts on the
func t ioning o f the natural ecosys tern. Four interjurisdictional agenc ies
c barged wi tb coord inat ing ac tivities of various governments will also be
explored. Once the institutional outlines are sketched in, the need for
integrative mechanisms can be addressed.

THE INIRRLTIORLL SBTTIIG

History teaches us that bodies of water have trad itionally been viewed as
convenient political boundaries. River, lakes and seas have been used for
purposes of defense and demarcation, providing limits to settlements whether of
communities or nat ions. So with the Great Lakes, four of which encompass an
international boundary. The United States and Canada as sovereign and indepen-
dent nations share possession of and responsibility for the water of the lakes.
While Lake Michigan is not legally an international lake, being totally
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surrounded by U.S. territory, it is an integral part of the hydrological system
of flows and levels. It has best been described as a culMe-sac of Lake Huron;
the waters flow downstream from Superior through Huron to Erie and Ontario, and
into the St. Lawrence River on the way to the Atlantic Ocean-

The IJC is composed of six commissioners, three of whom are appainted by
the Canadian government for f ixed terms, and three of whom are appointed by the
U. S. P res ident, c onf i rmed by the Senate, and serving at the pleasure o f the
President. While the Canadian mode af appointment emphasizes professionalism,
the American me thod highlights polit ic s and po licy. This is only one of many
differences between the two nations in governmental practices which hampers the
ef fectiveness of a joint public enterprise.

However, most of the work of the Commission is carried out by binational
boards s taf fed by c ivil servants "seconded"  or borrowed! fram agenc ies af the
resp ec t ive governments, Such groups as the Water Quality Board, the Science
Advisory Board, the Pollution from Land Use Activities Reference Group  PLUARG!
are respec ted for the impartial and professional character of the studies they
produce. Since the adoptian by the two nations of the Great Lakes Water Qual-
ity Agreement of 1972, revised and renewed in 1978, these boards have persuaded
the I JC to support an ecasystem approach to the management of the natural re-
sources of the region. Implementation of its recommendations, however, remains
within the sovereign power of the two nations ~

Similar to the IJC in organization is the Great Lakes Fisheries Commission
 GLFC!, established in 1.955 as a binational body to recommend means to manage
the fish stacks of the lakes for maximum sustained productivity, and to eradi-
cate the sea lamprey. Like the IJC, i ts research findings are accorded high
respec t, while its ef fee tiveness depends on the commitment of the respective
savereign powers to carry out its recommendations.

IBK SOPXRBIGN MTIONS

far these matters is widely
lic policy, but must secure
lack of agreement between

of Congress. Delay in the

Within the American government, responsibility
shared. Congress se ts the b road parameters of pub
executive assent. Ac t ion is often impeded by
President and Congress, or between the two houses
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Binational responsibility for the Great Lakes system was recognized and
formalized by the Boundary Waters Treaty of 1909, i n which Canada and the
United States agreed to settle d if ferences over allocation and use of boundary
waters by negotiation. Domestic supply of water was given the highest prior-
ity, with navigation next in importance. Signif icantly, the two nations agreed
to prohibit diversion of streams crossing the boundary, and not to pollute in
such a way as to cause injury to the other nation, an early recognition of the
major issues of today. The Treaty established the International Joint Commis-
sion  IJC! to carry out the provisions of the agreement. This binational
authar ity was g iven ac tua 1 dec is ion~ak ing power in limited areas of water
allocation at. the border. With respect to all other policies and actions, the
IJC was given advisory power onLy ~ Its autharity to investigate problems and
recommend policy is limited to questions referred to it by the two sovereign
governments in a formal "reference." This passive inst itutional character
means that the only international body governing the Great Lakes is sub jec t to
two national wil1s ~



renewal of the Clean Water Act is a case in paint ~ The Renewal Act contains
the much' iscussed Great Lake Amendment. whose purpases inc lude coordination of
state and federal ef forts to meet the standards of the Water Quality Agreement
with Canada. Ironical ly, the Amendment rema ins in limbo because of lack of
consensus among the multiple pawer centers of the American federal government ~

Many departments of the federal government share implementation authority.
Only the State Department may issue a reference to the IJC, since international
relations are involved ~ Responsibilities for air and water quality, naviga-
tion, commerce and fisheries are shared by the Departments of State, Defense,
Commerce, Interior and Transportation, the Environmental Protection Agency and
other units scattered through the federal bureaucracy. The U.S. Army Corps of
Eng ineers plays a key role because of its respons ib i 1 ity for maintaining the
channels of navigation and for regulation of lake levels. The Corps co-chairs
with Canada s Departments of Environment and Transport the Lake Superior and
St. Lawrence River Boards of Control.

Not surprisingly in a nation where the practice of judicial supremacy is
deeply rooted, even the V.S. Supreme Court is an ever-present decision~aker in
the Great Lakes region. Under its ariginal juriad iction, where it s its as a
trial caurt for disputes among the states, the Supreme Court regulates the
amount of water that can be diverted from the system through the Chicago Canal.
This diversion of Lake Michigan water, created in 1848 to protect Chicago s
d r ink ing water by f lus hing its sewage down the Miss is s ipp i River, has been
litigated over the years by ather sf fee ted states snd is carefully controlled
by the Supreme Court.

Interpreting the interstate commerce power of Congress under the US.
Constitution, the Supreme Court acts under its appellate jurisdiction as well
to shape state management of natural resources. For example, its famous 1982
decision, ~~ v ~ ~~~, 458 U.S. 941, declaring water to be an article
o f c ommerc e and there fore beyond the absolute control of the states, has
massive potential implications for the ecosystem management of the Great Lakes
Basin.

In contrast, Canada s system of parliamentary supremacy concentrates power
rather than dispersing it ~ The Canadian courts have little policy-making
power, seldom exercising judicial review. Because the Prime Minister and cabi-
net are parliamentary leaders, there are no policy conflicts between executive
and leg is la t ive in it iat ives such as are experienced in the U. S ~ External
Af fairs, Environment Canada, Transpor t Canada and the Department of F isher ies
and Oceans are the princ ipal Canad ian federal agenc ies responsible for
management of the region s activities� .

VHkT S LEFT FOR THE STATES Ale PENUILEST

B ec au s e b o th Canada and the United States are federal systems, their
powers in the Great Lakes Basin are shared with two provinces  Ontario and
Queb ec ! and eight states   I I lino is, Indiana, Michigan, Minnes o ta, New York,
Pennsylvania, Ohio, and Wisconsin! . In both nations the navigable waters of
the lakes are under federal jurisdiction, but, the states and provinces own the
submerged lands under their portions of the lakes. Beyond this similarity,
there are significant differences between the twa systems with respect to
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inter jurisd ic t iona 1 relations. These d if ferences vill be discussed and illus-
trated by recent initiatives to overcome such institutional complexities ~

Ontax ia s presence in the Great Lake Basin so outweigh Quebec s that there
are few inter-provincial problems. But a c leaner line of demarcation between
federal and provinc ia1 responsib i lit ies is d rawn in Canada, with environmental
and natural resource responsibilities devolving more substantia11y on the
provinces. For this reasan, Canada uses more formal mechanisms to allocate
r esp ans ib i 1 i t ies .

In Canad a the constitutional framework c learly ass igns environmental and
natural resource responsibilities to the provinces ~ The Ministries of Natural
Resources and Environment in Quebec and Ontario are dominant in suc h mat ters .
In fac t, in order even to negot fate an agreement with the U. S. about Great
Lakes water quality, Canada f irst s igned an internal agreement with Ontario to
guarantee the implementation of terms ta be negotiated externally. The Canada-
Ontar is Agreement Respec ting Great lakes Water Quality  COA! was f irst signed
in 1971 and revised in 1976 and 1982. One of the key provisions of COA was the
spec if ic ation that only minimum standards af water quality would be b ind ing on
Ontario, leaving the province free to adopt more stringent standards if it so
desires,

This provinc ial doxoinance contrasts s ignif icantly with the U. S ~, where
Congress retains the pwoer to set maximum as well as minimum standards for
compliance with envixonmental laws. Federal supremacy is a more powerful tool
under the U.S. Constitution for the enactment and implementation of environ-
mental1 policy. Although the Tenth Amendment reserves to the states those
powers not delegated in the Constitution to the federal government, the divid-
ing line between federal and state responsibilities is imprecise and permeable.
Furthermore, that line is sub jec t to jud ic is 1 intervention in cases and contro-
versies, as, for examp le, in the ~<'i~~ dec is ion mentioned earlier, Among
the Amex ican states, respons ib ility is dispersed in a variety of ways. With
eight s tate leg is latures and governors at work to make and implement policy,
different approaches to public issues inevitab ly develop. Partisan dif ferences
among the states reflect contrasting levels of commitment to governmental solu-
tions of environmental and economic problems. For many years, however, on a
bipartisan basis, the states have intermittently pursued interstate consensus
an Great lakes issues through the Great Lakes Commission  GLC! .

Organized by interstate compac t in 1 955, the Great Lakes Commission was
not approved by Congress un ti1 1968. This 13-year delay was caused by the
states plan to inc lude the Canadian provinces of Ontario and Quebec in the
Commission- Congress resisted this inclusionary approach because of reluctance
to allow states to conduct foreign relations. When the states withdrew their
insistence an a binational regional approach, Congress ratified the compact ~

The purpose of the GLC is "to promote the orderly, integrated, and com-
prehensive development, use and conservation of the water resources of the
Great Lakes Basin." Headquartered in Ann Arbar, Michigan  the only state lying
totally within the Basin!, the Commission has quietly addressed both environ-
mental and economic issues, particularly the welfare of lake shipping. While
the Commission can adopt issues by majority vote, its role remains advisory to
the states.



The Commission s structural weakness lies in its lack of authority to act:
it is not a supra-state, regional government. Mehtods for choos ing its members
� to 5 commissioners from each state! are designated by state statute, with at
Leas t one appointed by the Governor of each s t ate. The var ie ty of se lee t ion
methods and provisions for accountability to the respec tive states leads to
di ffering degrees of state commitment to this interstate enterprise. Even
und e r this l imi ted author ity the Commis s ion has never exe rc ised its total
potential of regional advocacy and coordination of policy.

A relatively new and rapidly evolving regional institution is the Council
of Great Lakes Governors  CGLG!, formally established in 1982 by the governors
of s ix states  Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisocnsin! .
New York, Pennsy l van is, Ontar io and t|ueb ec par tie ipa te as vo t ing members of the
Counc il s committees. The Council s rise to prominence in the l980s and its
s igni f ic ant achievements d emons trate how political Leadership can reduce the
impact of institutional fragmentation. Although the Council, like the Great
Lakes Commission, lacks the authority to implement its recommendations, the
Governors have provided a dramatic focus for add ress ing policy issues in
several key areas.

The Great Lakes Charter, signed in L985 by eight governors and two
premiers, marked a historic breakthrough in interjurisdictional cooperation.
The states and provinces agreed on consultation and cooperative management of
the water resources of the Great Lakes Basin to prevent damaging diversions and
consumptive uses ~ Under the leadership of Governor Anthony Karl of Wisconsin,
Chairman of the Counc il of Great Lakes Governors, the Counc il s Task Force on
Water Diversion and Great lakes Institutions worked its way through the insti-
tutional maze to develop an integrated approach to water quantity problems
wh ic h res p ec ted the legal and po lit ic a 1 divers ity of the many governmen ts
involved� . The Charter is non-b ind ing for legal and const itu t iona 1 reasons
which have already been d iscussed, but the good faith of the signatories is
demons trated by the prompt establishment of a working group of technical
experts to develop a common data base on current uses of the region s water
supp I ies .

Lit t le more than a year later, ano ther landmark in ters tate commitmen t to
manage the lakes as an integrated ecosys tern was made ~ In May, 1986, a Toxic
Subs tances Control Agreement was s igned by the governors of the eight Great
Lakes states. Because this agreement was formulated within the framework of
U.S. regulatory Law, the premiers did not sign, but expressed their support for
the plan and promised to issue a similar offic ial commitment to toxic. cleanup
by October l. A key feature of this Agremment is the explicit determination to
deal with the movement of pollutants through the system: in the air, in
sur face water and in ground water. Not only are common goals def ined, but
spec if ic actions accompanied by dead Lines are agreed upon for implementation.

The effectiveness of these bold regional measures clearly depends on the
ability and will of the individual states and provinces to develop and pursue
management plans, both for water quantity under the Charter and for water
quality under the Toxic Substances Cont ro 1 Agreement. Here again, ins t itu t io-
na 1 d ive rs i ty takes over.

It is difficult to generalize about the structures of governance within
the s tates beyond the commonality of the separation of powers into execut ive,
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leg is lative and jud ic ial branches . Within the state bureaucrac ies, agency
respons ib i Li ties d i f fer. Typically, however, parks and recreation, water
planning, wi Ld li fe and f isher ies management and coastal zone protect ion are
allocated to Departments of Natural Resources, while air, water and land
pollution c ontro1 is ass igned to state Environmental Protection Agencies ~
Significant overLap of duties may result, as when land uses degrade the quality
of water in coastal wetlands and affect fish habitat.

Even within a single department, conflicting goals may present management
challenges. For example, within Departments of Natural Resources, expansion of
shoreline parks for recreational use may undermine efforts to preserve the
remaining wetland areas ~ Public policy is difficult to make and even more
difficult to implement under these pressures. Efforts to overcome intrastate
fragment at ion have been made in s tates such as Oh io where in 1984 Governor
Richard Celeste appointed an interagency committee on water to coordinate
policy initiatives and to prevent duplication of effort . The "Water Cluster"
is composed of cab inet d iree tora of Natural Resources, Environmental Protec-
tion, Health, Agriculture and Transportation, Its first responsibility was to
develop a strateg ic plan for the state s natural and physical environment ~ Its
attention is now direc ted to ground water planning.

The institutional labyrinth which has been described from state to inter-
national levels is not yet complete ~ There is yet another maze of overlapping
governments to be taken into account in the region: the local level. Although
the impact of each local government may be small, taken together the dec is iona
of counties, municipalities and special districts are consequential indeed ~
Soil conservation d istric ts may af fec t amounts of non~oint source pollution-
Municipalities or special sewer districts are responsible for wastewater treat-
ment. Erosion from construe tion sites and other urban runoff into tributary
strea~s are local matters ~ Counties bordering the lakes may perform solid or
liquid waste d isposa1 functions.

Generally land use planning is a local governmental function on both sides
of the international boundary ~ There are few more fervently protec ted local
powers than p lann ing and zoning . Here indeed is government that is c lose to
the people. Subregional attempts to coordinate land use planning among commun-
it ies are o f ten res is ted as unwarranted intrusions on local autonomy ~ These
are political culture attributes which create the fragmented base for all other
governmental attempts at coordination of policy.

No comp rehens ive inventory is available for loc a 1 governmental units in
the Great Lakes Bas in, but the numbers are in the hundreds. These dec is ion-
mak ing entities are critical for the over all management of the region s
eco logy, yet they deal with s ignif ic ant ly differing local conditions and
operate under the eagle eyes of local residents whose preferences are driven by
a multitude of private motives. In some instances, the nations, states and
provinces can mandate action by these local authorities, or can induce them to
act by providing significant financial incentives. What the higher authorities
c annot do is to stay with the local governments for every s tep to ensure
compliance ~ Some degree of cooperation from below is necessary if regional
goals are to be attained.
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COlLLUSIOS

This brief survey of governmental complexity in the Great Lakes region has
identified the roles in resource management played by two nations, provinces,
eight states, four regional institutions and hundreds of local governmental
units. In the 1980s a significant breakthrough has occurred in pub Iic aware-
ness of the inestimable importance of the vast freshwater system we appro-
priately call the Great Lakes. Support for environmental values is rising, and
in the Great Lakes region this inc Iud es an apprec ia tion ho th o f water supply
and of the quality of that water.

The surge in public interest and concern is reflected in the creation of
new private organizations such as Great Lakes United and the Center for the
Great lakes, the former for ad voc acy and the 1 at ter for res e arch and po l icy
development. These groups offer expertise and encouragement to policy � makers
to ac t aggressively to develop management strategies for repair of the damage
human beings have done to the system, and for sustainable resource use in the
fu tu re.

Some ex per ts   e . g . Mi lb rath! have argued that we need to c reate new
institutions for regional management of this prec ious resource. Others  e.g.
Donahue! f ind exist ing inst itu t iona unde rut i lized and ad voc ate "build ing new
relat ionsh ips among ez is ting institutions"  Great Lakes Bas in Framework Study,
1975! .

"Political will," Donahue writes, "is ~ overriding determinant of the
success of a given regional institution ~ When present, it can transcend even
the most res t r ic tive ins itut iona l form. When absent, even the most innovative
form can become impotent"  Donahue, SAFR, l 985! .

The sense of urgency which is widely felt today grows out of perceived
crises: the threat of water supply depletion if arid regions should use their
political power to divert the lakes' water to the south and west' These parti-
cular crises may be dealt with in the next decade, but it is of vital impor-
tance to educate future generations to care about the lakes for the long range
so that we need not go through alternating cyc les of intense activity and
indifference, eris is and neg lee t. As teachers and concerned citizens we need
to nourish sustained attention and active concern for the ecosystem.
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THE ROLE OF THE MEDIA IN PUBLIC PERCEPTION OF LAKE ERIE

Rosanne W. Fortner
School of Natural Resources
The Ohio State University

A 1965 article in Newsweek, entitled "Great Lakes: The Dead Sea,"
began "To live on Lake Krie is to know the stink of algae and dead
fish." A year later, Science News in an article about "The Dying
Lake" claimed, "This is Lake Erie -- a wasteland, a lifeless body of
water that has lost its sparkle and vitality, and is being hastened to
its wretched fetid death by man's affluent wastes and increasing
activities." Lake Erie was the national symbol for water pollution
during what is popularly called the environmental movement of the
1960s and '70s.

The mass media are frequently given credit for bringing the
pollution problems of Lake Erie the public attention that ultimately
resulted in remedial action for lake cleanup. At the same time,
patterns of media coverage of Lake Erie issues over the years have
resulted in a public perception that remains negative even in the face
of vastly improved environrrrental quality.

This study looks at the role the rrredia play in influencing public
opinion on environmental issues. Such considerations necessarily
include how the public accepts media information, what the content of
that information has been, and what media tactics have been used for
its presentation. The literature of environmental communications will
serve as the basis for this preliminary discussion. Subsequently, the
chronology of media coverage of Lake Erie will be reviewed, with
specific examples from newspapers, magazines and television. The
study will conclude with a consideration of what can be expected from
the media in coverage of Lake Erie today.

I. How do the mass media influence the public?

Mass media serve an agenda-setting function for public attention.
Basically this means that by the choice of what to print or broadcast,
the media decide for us the topics that should be of greatest concern
at any given times The media have only a limited "news hole," that
part of the newspaper that isn't filled with advertising or regular
features, or that length of time available on the evening news or
drive time broadcast. Thus a strong selective judgement must be
exercised by a person or group within these media to decide what is
really newsworthy. This person or group, known as the "gatekeeper,"
chooses the messages the pubI.ic is to receive.

Because of the limitations of. the news hole, an issue that gains
public attention through the media causes another issue to lose
attention. For environmerrtal issues to receive expanded coverage in
the late 1960s, coverage of civil rights issues declined.
Environmental concerns, in turn, were largely replaced in the mid-T70s
with the energy crisis, which the media portrayed more as an economic
issue than an environmental one.

85



II. How do the media cover the environment?

For most of our history the environment has not been a genuine
news topic. "Real" news is hot, eventful, characterized by crisis or
personality. Rarely does the environment fit these descriptors.
Things usually happen gradually and quietly in the environment. For
environment to become news requires a Love Canal, a Cuyahoga River
bursting into flame, or a .Jane Fonda to lead a march against nuclear
waste disposal siting. In the absence of such events, a pseudoevent
may be devised to garner attention, or an extreme statement may be put
forth as a gr.ipping if not entire'iy accurate headline.

Fnvironment has been a difficult topic. for the media. The topic
is sometimes treated superficially, mostly because of space
limitations or lack of science training and understanding of issues
among environmental reporters. There are no standard information
sources for such a reporter, because every issue has its own science
and social consequences. Sometimes the information sources available
have good reason to camouflage the truth, and the training of a
typical reporter does not equip him or her to detect this. The
environmental story is rarely a visible one or one that is a single
subject, for in the environment everything is related to everything
else. As Roberta Hornig of the Washington Star has noted, "every
story is like taking a college course."

As for space limitations, most of the news hole for the entire
period of the environmental movement was filled not with environment
but with the Vietnam war. Vietnam was everyone's local issue because
of the extent of U.S. military involvement; environmental quality,
especially Lake Frie's, was not local nor immediate for very many
people. A search for Lake Erie references in television news archives
of 1966 revealed that almost half of every NBC half-hour nightly news
program was devoted to Vietnam or related subjects. On a local level,
however, the Cleveland Press coverage of Lake Erie problems was
outspoken and ongoing, utilizing the news hole available as well as
editorial and feature space.

The environment began to appear with measurably greater frequency
in the media in 1965. For Lake Erie, that year marked a campaign by a
prominent Cleveland businessman through the Cleveland Press to "Save
Lake Erie Now." Environmental coverage increased in the 1960m to a
peak in 1970, a year which featured Earth Day and the beginnings of
implementation of the National Environmental Policy Act. In some
media, notably specialty magazines, the amount of coverage continued
to rise through the middle of the 1970s, but for the most part
environmental coverage declined rapidly into the '70s.

III. How has the public responded to media coverage of the
environment?

Surveys indicate that the public basically trusts mass media
information. People also frequently acknowledge mass media,
especially television, as a major source of environmental information.

According to media analysts, media coverage of the environment
has gone hand in hand with increasing public concern about
environmental quality. During the peak years of environmental
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coverage by the media pollsters found that the public evidenced a
growing concern about environmental quality. This in i.tself does not
imply a cause and effect relationship, of course, but a few studies
have documented that high levels of environmental concern have
followed specific media events. The television documentary on The
Wolf Men, for instance, generated 16,000 letters from the public in
support of protection of endangered species. The efforts of the
Cleveland Press are credited with convincing Ohio's Governor James
Rhodes to request of the U.S. Secretary of Health, Education and
Welfare that a conference on Lake Erie water quality be convened.
That conference resulted in a five-state pact with the Federal
Government to vork for the improvement of the lake.

There is no question, then, that the mass media helped establish
the environment as an issue, and Lake Erie was a part of that issue.
Specific examples of media coverage and public response constitute the
remainder of this study.

IV. What have the media told us about Lake Erie?

Early' Communications.

The earliest writings about Lake Erie appeared before white
settlement. For example Gallinee, a French voyageur, wintered in the
Port Dover area in 1669-70. His writings extolled the resources of
the area thus:

"I leave you to imagine whether we suffered in the
midst of this abundance in the earthly Paradise of Canada, I
call it so, because there is assuredly no more beautiful
region in all Canada. The woods are open, interspersed vith
beautiful meadows, watered by rivers and rivulets filled
with fish and beaver, an abundance of fruits, and what is
more important so full of game that we saw there at one time
more than a hundred roebucks in a single band, herds of
fifty or sixty hinds, and bears fatter and of better flavor
than the most savory pigs of France."

As for the Lake itself, it was described later for its clarity and
abundance of fish:

"The small boat was rowed around the islands, whilst we
cast our lines... In a short time we caught upwards of five
dozen black bass � weighing from four to six pounds. The
lake water is so clear that fish can be seen from twelve to
fifteen feet below the surface. Many of the fish we saw
advancing to our hooks,"  describing the Western Basin in
1804!

During the early part of the twentieth century, Lake Erie and the
islands were a popular resort:

"When summer comes, the land is bright and the region
quickens. The cottagers and campers move into their
lake-shore homes; the resorts and beaches are suddenly
crowded with Fun-seekers; the highways are thick with
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automobiles. Wherever you look, there is a fisherman, armed
with rod and reel or the common bamboo pole. Out on the bay
and lake, pleasure craft flash and scud across the waters
with beautiful abandon. Breezes from the lake soften the
heat of the sun's bright rays. Over the region hangs a gay
and infectious buoyancy.

Vacationland has come into its own. 'The season' is at
hand."  Ohio State Archaeological and Historical Society,
1941!

Impact of Development.

Early in pioneer days the problems that foretold Lake Erie's
future water quality began to appear. The life of the pioneer was a
difficult one. Burns �985! claims that the continual struggle
against the elements gave people a concept of nature as the enemy that
had to be conquered. In the conquest, abuse of nature was common.
Harlan Hatcher �945! commented on what the Detroit waterfront was
like in 1820:

"Our pioneer forefathers took little thought for the
waterfront of their towns on the rivers and lakes; their
interests were utilitarian and, in too large a measure,
their views have prevailed into our time. The riverbank,
which drew from Cadillac a prose poem of admiration for its
beauty, was a dumping place for refuse and dead and rotting
animals."

As the importance of the Great Lakes as a route for commerce
became more apparent and shoreline development ensued, the lakes
continued to be imperiled by those they served. As early as 1860,
Cleveland was experiencing taste and odor problems with its water
supply, which it drew from Lake Erie. Industries were clustered along
the shoreline for transport of raw materials and finished products,
and for water to fuel and cool the industrial processes. Waste
products dumped into the water were quickly flushed away to unseen
downstream regions, ao it was easy to become deluded that there was no
real problem.

The Black or Green! Era of Communications.

The nutrients whose effects have been described by Herdendorf
�986! have encouraged increased algal growth and resultant oxygen
depletion during Lake Erie summers. The historical records of the
Cleveland Waterworks indicate that there was a marked increase in the
number of algal cells in Lake Erie water beginning in 1927, with
accelerated growth beginning in 1960. Public information sources
before 1960 contained no documentation of this, however. The data
were apparently important only to the record keepers at the
Waterworks.

Early voices of alarm were few. Scientists took due note of the
disappearance of the mayfly, but the public at that time was not
interested in ecology. Robert C. Drake, science and nature writer for
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the Cleveland Plain Dealer, attempted in 1959-60 to alert the public
to changes occurring in Lake Erie and "prod government out of its
lethargy." The Plain Dealer published Drake's research as a magazine
supplement, but the topic was not seen in the early '60s to warrant
continuing daily coverage. Had the Cleveland papers served as
initiators of interest or educators of the public to a new problem,
they could have been in the vanguard of environmental reporting.
Newspaper editors do not often select such a role.

Then the algae growth became a visible scum. In 1964, widely
disseminated news media carried photographs of an algal bloom that
covered "an 800-square mile area of western Lake Erie with a green
sCume

The year 1965 marked the first major outpouring of public
sentiment for saving Lake Erie. As has been common in environmental
reporting, the news media provided two main types of reports during
that time, the gloom and doom reports of the dying lake, and the
industrial successes in cleanup. Newsweek's "The Dead Sea"  April 12,
1965! reported that "In a 2,600-square-mile area, more than a quarter
of the lake, useful water life has already been smothered." Business
Week, on the other hand, was reporting that "Business snd local
governments agree with surprising ease to help halt pollution of Lake
Erie, despite huge costs"  August 14, 1965!.

By the summer of 1966 Erie's pollution was still hot news, with
the same two approaches being used by journalists. For the next few
years environmental quality in general was a topic for media
attention, and most news magazines as well as general interest
publications such as S~aturda Review and S orts Illustrated carried
feature articles about the source of Lake Erie's problems and what was
being done. A listing of major articles appears in the references,
but selected ones deserve special note.

positive article about progress in saving Lake Erie and the importance
of that progress for the entire nation. A feature article in the same
magazine on September 20, 1969, however, was entitled "Life on a Dying
Lake." While its first page was one of. the typical gloom and doom
pronouncements, further reading, if such was pursued, revealed a more
poignant story of the lake's changes and the people on its Cleveland
shores. Still, some paragraphs apparently intended to attract
attention couM have contributed to readers' perception of a lake
whose condition was so bad it was ludicrous:

"On the Cuyahoga River, t~ice each day, the excursion
boat Goodtime II takes tourists on a run of the industrial

sites; a tape-recorded spiel piped over the Goodtime's
loudspeakers describes the adjacent activities of the Great
Lakes Towing Co., U.S. Steel, Republic Steel,
Sherwin-Williams Paint, National Sugar Refining, and
Standard Oil.  Na ward about waste discharges, about the
phenols and oils and acids that ooze into the river. 'If
you fall in,' they say along the river, 'you won't drown,
you' l1 decay.'! On summer evenings at the foot of the
river, on the flats off Front Street, the customers of
Fagan's Beacon House sit at their tables just above the ooze
listening to Dixieland, drinking beer, and watching the
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ships go by. It is, they say in Cleveland, one of the
places 'where everybody goes.'"

To the magazine's credit, a l970 issue carried John Sheaffer's
article on "Reviving the Great Lakes," indicating in it that "the
calamitous news [of Lake Erie's death] should not be accepted as the
final word." The article advocated the use of sewage as fertilizer
for inland farms in order to reduce the input of nutrients to the
lakes.

8~far er's for August 1972 carried a frequeut1y quoted article by
Patrick Young, "A Modest Proposal." This article introduced the
proposal of Frank Ogden, Ontario College of Art, to drain Lake Erie.
"Lake Erie is a cesspool and it's beyond hope," Ogden is quoted. "So
let's turn defeat into something positive for the area." He
envisioned the basin becoming new acreage for cities, farms and
recreation areas, as well as a tiny nation that would be the new home
for the U.N.

Science R~e orts.

For those who read original science documents, relatively
objective literature was abundant. Science carried at least two
articles during the period  see References, Part B! and technical
reports and governrrrent documents were abundant. The references
provided by Great Lakes Symposium speakers provide a valuable resource
on information available regarding specific lake characteristics over
time.

Lake Frie in the School Library.

For the student in the sixth grade who was assigned a term paper
about Lake Erie, a number of notable references were available in the
average school library. The first choice of any student, World Book
Enc~cloyedia, contained Barry Commoner's "Lake Erie, Aging or ILL?n in
its L968 Year Book, Its first paragraphs set a tone that
unfortunately was negative, but fortunately did not continue in as
heavy a vein throughout:

"Lake Erie is becoming a wasteland. Listless waves lap
along its shore, sucking in and out among the slimy green
rocks, deserted beaches, and oily pilings of seldom-used
piers. ...The variety of floating and rotting wastes is a
constant reminder that man can indeed kill a lake. ...Some
even say the lake is dying so fast it will soon be an
aquatic desert � America's Dead Sea ~ "

For the greater part of this article Commoner presented factual
information about the aging of lakes and the changes that had been
documented in Lake Erie. His voice was heard often in the height of
the environmental decade, and occasional notes of extremism were
consistent with other voices of the time. A religious-like fervor
characterized many, The urgency of Commoner's message, more than the
actual choice of words, is likely to have made this World Book article
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and its reprint in Scientist and Citizen magazine an important source
of information for many adults as well as students.

Other information sources available to the sixth grader included
a series of children's books on pollution that appeared during the
late 1960s and early '70s. Pollution: The Waters of the Earth was
typical of the worst scare tactics and emotional, uninformed writing
that appeared during the period. Unfortunately, students are
frequently not trained in critical reading skills and often accept the
nonfiction library book as the ultimate source of truth. Thus a
chapter entitled "TRUE MURDER STORIES; So Long, Lake Erie," would
likely serve uncontested as the information for the term paper. Such
books are still on school library shelves serving this function.

On the other side of the school picture was the Man and the
Environment textbook for life science, which provided a major student
investigation to determine "Is Lake Erie dead'?" Students read that

"Today Lake Erie has become a symbol of water pollution.
The newspapers and magazines say, 'Lake Erie is dead,' and
'Lake Erie is a big open sewer.' They may have exaggerated
the facts. They may want to scare people into stopping the
pollution."

In the activity actual databases of different types were provided for
background information to allow students to synthesize an answer to
the question. The teacher guide provides further encouragement for
leading objective discussions of media reports, given the facts
available.

A final note on children's literature about Lake Erie: Dr.
Seuss' The Lorax contains a comment by the Lorax as part of his
indictment of the environmental havoc wreaked by the Onceler, The
humming-fish are leaving their pond because the water is "so smeary.
I hear things are just as bad up in Lake Erie." The timeless nature
of a Seuss book is altered here by a reference that is no longer
correct. Our office staff wrote to Dr. Sensa, who indicates that
future issues of The Lorax will not have the negative reference to
Lake Erie like the 1911 original.

The Role of Broadcastin in Providin Lake Erie Information

National Public Radio has been providing objective information
about Lake Erie and the other Great Lakes for over ten years, and
studies have sho~n that awareness of resources can be increased
through brief radio exposures. NPR broadcasts frequently deal with
specific topics such as toxic substances, with exquisitely balanced
coverage of all sides of issues. No studies are available
specifically regarding their effects, but the prospects are promising
based on previous research. Radio programmers in England have
likewise done an audio documentary featuring James P. Barry and his
objective perceptions of the status of Lake Erie enviornmental
quality.

Surveys of students and adults frequently reveal that people see
television as their major source of environmental information. It has
already been noted that television news during Lake Erie's worst
period was dominated by the Vietnam war. A number of. documentaries
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were televised, however. WBBM-TV in Chicago  CBS! produced Too Thick
to Navi~ate, Too Thin to Cultivate. This was followed by an NBC White
Paper report on Who Killed Lake Frie? While both presented the farts
about. the sources of water quality problems and realistic prospects
for clean up, their initial tone and occasional lapses into
emotionalism probably influenced millions of viewers in attitude
formation as weIl as providing a memorable visual image of selected
examples of ugliness. Their titles alone had a quotable quality that
was used frequently afterwards.

Since the early 1970s Lake Frie has not received much attention
from the television medium. Unfortunately the only network coverage
that made news was a question by Johnny Carson: "Lake Erie � isn' t
that the place where fish go to die?" This is a prime example of
public perception that has persisted into this decade for lack of
information to the contrary.

A number of universities have produced video programs that have
appeared locally, some on specific topics, such as Cleveland State
University's The Lake at Our Doors, and some more general regarding
politics anad economics of the region, such as the University of
Michigan's The Great Lakes: Our Joint Heritage. Environmental
interest groups have videotaped their conferences and public debates
for a number of other loca1 showings  e.g. Basin Without Boundaries,
1986, produced by the Center for Environmental Studies!.

Modern Communications About Lake Erie

The 1980s have seen few media productions devoted specifically to
Lake Erie environmental quality, and decreased levels of media
coverage are typically accompanied by a drop in public perception of
an issue's importance. Today's issues are toxic substances in the
Great Lakes, diversion of Great Lakes water to other parts of the
country, and high water levels with their impact on coastal property
owners. Media attention has been focused on political activity, with
the Great Lakes Charter of 1985, an unprecedented document for
regional agreement on use of Great Lakes water, being supplemented in
1986 by a toxic waste agreement among the Great. Lakes governors.

One notable exception to the lack of doomsday reports in recent
history is a 1986 book entitled The Late Great Lakes. In it author
William Ashworth assumes the old emotional tones and unremitting
negative reports of the impending demise of the lakes. While the book
is an excellent resource on the region's history and contains
interesting anecdotes about politics and development, readers are
never allowed to forget that the good old days weren't all that good
and the worst is yet to come. lt is unfortunate that the remarkable
improvements in environmental quality have been minimized while the
author predicts the worst for our regional future.

The news media, while they have never covered the clean-up of
Lake Erie in any comprehensive fashion, no longer refer to dead lakes,
stenches, and green scum. Instead, Lake Erie is again a resort area,
part of the North Coast that welcomes vacationers and new residents
with the same bright sun, crowded marinas and rows of condominiums
that characterize the other coasts' The question now is "Will success
spoil Lake Erie?"  L~a itol y?agaziae, July 7, 19gg!.
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V. What can be expected of media coverage of Lake Erie in the future?

Good news, gradual growth, optimistic developments and positive
actions by hard working people rarely make headlines, but these are
the things that characterize Lake Erie's environmental quality today.
There are still problems, of course, but unless they become calamities
it is unlikely that they will receive much media attention.

In the meantime, those who encounter Lake Erie in person for the
first time will be surprised, first at its magnitude, and second at
its beauty. The Lake is a natural resource of gigantic and diverse
importance. That perceptions now must evolve slowly as media
attention lags is unfortunate. Perhaps public perception, like Lake
Erie, is at a point of balance, on the verge of emerging from a dark
past into a bright future.
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